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Neutrokine-o. and Neutrokine.a Splice Yariant

This application is a coplinuation-in-part of copending application Serial
No. O%/005,874, filed January 12, 1998, whick is a continvation-in-pant of
copending applications Serial No. US60/036,100 filed January 14, 1997 and
PCTFUS96/17957 filed October 25, 1996, each of which is herein incorporated
by reference in it entirety,

The present invention relates to a novel cytokine which bas bees
designaied Neutrokine-a {“Neutrokinz-a”). In addition, an apparant splicing
variant of Nentrokine-e has been identified and designated Neutrokine-aSV., In
specific embodiments, the present invention provides nucleic acid molecules
encoding Neutrokine-a and Neutrokine-oSV polypeptides. o additional
embodiments, Nentrokine-s and Neutrokine-wSV  polypeptides are  also
provided, as are veclors, host calls and recombinant mathods for producing the

SAIme.

Related Art

Human mwmor necrosis factors (TNF-a) and {TNF-B, or lymphotoxin)
are related members of a2 broad class of polypeptide medialors, which includes
the interferons, interlenkins and growih faclors, collectively called cytokines
(Beuter, B. and Cerami, A.. Annu. Ret,. [Immunol, 7:625-655 (1989)).
Sequence analysis of cytokine receptors has defined several subfamilies of
membrane proteins (1} the Ig soperfamily, (2) the hematopoietin (cyiokine
receptor superfamily and (3) the mmor necrosis factor (TNF)/nmrve growth
factor (NGF) receptor superfamily (for review of TNF supedfamily see, Gruss
and Dower, 8lood 85(12):3378-3404 (1995) and Apgarwal and Natarajan, Eur.
Cytokine Netw,, 7(2):93-124 (1996)). The TNF/NGF receptor superfamily
contains at least }0 difference proteins, Gruss and Dower, supra. Ligands for
these recepiors have been idemtified apd belong to at least two cytokine
superfamilies. Gruss and Dower, supra.

Turnar necrasis Factor (2 mixture of TNF-« and TNF-8) was originally
discovered as a result of its anti-tamor activity, however, now it is recognized
23 a plejoropic cywkine capable of numerous biological artivities inchding
apoptosis of some wensformed cell lines, mediation of celf activation and
proliferalion and also as playing imporant roles in immune regulation and
inflammation.

To date, known members of the TNF-lipand superfamily include
TNF-z, TNF-p (lymphotoxin-o), LT-B, OX40L, Fas figand, CD30L, CD271L.,
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CD40L and 4.IBBL. The ligands of the TNF ligand supsrfamily are acidie,
INF-like molecules with approximately 20% sequence homology in the
extracellular domains {range, 12%-36%) and exist mainly as membrane-bound
forms with the biclagically active form being a wvimeric/multimeric complex.
Soluble forms of the TNF ligand superfamily have only been identified so far
for TNF, LT, and Fas ligend (for 2 general review, sec Gruss, H. and
Dower, S.K., Blood, 85(12):3378-3404 (1995)), which is hereby incorporated
by rference in its entirety. These proscins are involved in regulation of cell
proliferation, activation, and differentiation, including contrel of cell survival or
death by apoptosis or cyitoxieity (Asmaitage, RJ, Curr. Opin. Inumunol,
6:407 (1994) and Smith, C_A., Cell 75:959 (1994)).

Tumor necrosis factor-alpha (TNF-2: also tenmed cachecting hereinafter
“INF") is secreted primarily by monoeytes and macrophages in response 1o
endotexin or other stimuli a5 a soloble homottmer of 17 kD protein subunits
(Smith, RA. et al, 1 Biol Chem. 262:6951-6954 (1987)). A
tmembrape-bound 26 kD precursor form of TNF has also been described
{Kriegler, M. et al., Cell 53:45-53 (1988)).

Accursulating evidence indicates that TNF is 2 regulatory cytokine with
pleiotropic biological ecdvities. These actvities include: inkibifion of
lipoprotein lipase synthesis (“cachectin” activity} (Beutler, B, et al, Nawre
316:552 (1985)), activation of polymerphonuclear leukocytes (KiebanofT, S.J.
etal, J. immunol. 136:4220 (1986); Perussia, B., er al., J, Fnmunol. 138765
(1987)), inhibition of cell growth or stimulation of cell growth (Vilcek, 1. er al.,
J. Exp. Med. 163:632 (1986); Sugarman, B. 1. ef al, Science 230:943 (1985);
Lachmar, L.B. e al, . Immunol. 1382913 (1987)), cytatoxic action on
certzin wansformed celi types (Lachman, L.B. ef af, supra; Darzynkiewicz, Z.,
et al, Canc. Res. 44:83 (1984)), antiviral activity (Kohase, M. = al, Cell
45:659 (1986); Wong, G.H.W. et al., Narre 323:819 (1986)), stimwlation of
bone resorption (Bertolini, DLR. ef af, Nature 319:516 (1986); Saklatvala, J.,
Nature 322:547 (1986)), stimulation of collagensse md prostaglandin B2
production (Dayer, I-M. er al. J. Exp. Med 162:2163 (1985));, and
immanoregulatary actions, incinding activation of T cells (Yokota, S. er al, J.
Jmmumol, 140:531 (1988)), B cells (Kehel, JH. etal, J. Exp. Med, 166786
(1987)), monocytes (Philip, R. ef al, Namre 323:86 {1986)), thymocyies
(Ranges, GE. @ al, J. Exp. Med. 167:1472 {1988)), and stimulation of the
cell-surface expression of major histocompatibiliry complex (MHC) class | and
class T molecules (Collins, T. er al,, Proe. Natl. Acad Sei. USA 83446
(1986); Pujol-Borrel, R. et al, Narure 326:304 {1987)).
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TNF s noted for its pro-inflammatory actions which resull in tissue
injury, sueh as induction of procoagulant artivity en vascular endothelial cells
(Pober, 1.S. et al, J. Immunol. 1361680 (1986)), increased adherence of
neurophils and lymphocytes {Pober, 1.5. e af, J. fmmunol. [38:3319
(1987)), and stmulation of the release of plalelet activatng factor from
macraphages, newtrophils and vascular endothelial cells {Camussi, G. ez at,, 1,
Exp. Med. 166:1350 (1987)),

Recent evidence implicates TNF in the pathogenesis of many infections
(Cerami, A. et al, mmmol. Today 9:28 (1988)), immmume disorders, neaplastis
pathology, e.p., in cachexia accompanying some malignancies (Oliff, A. e af,
Cell 50:555 (1987)), and in antoimmune pathologies and grafi-versus host
pathology (Piguet, P.-F. er al, J Exp. Med 166:1280 (1987)). The
associztion of TNF wilh cancer and infectious pathologies is ofien elated 1o the
bosts cambolic state. A major problem in cancer patients is weight loss,
usually associated with anorexiz. The extensive wasting which results is
known as “cachexia® (Kemn, K. A. eral J. Parent Enter. Nutr. 12:286-298
{1988)). Carhexia includes progressive weight joss. anorexia, and Ppersistant
erosion of body mess in response 10 a malignant growth. The cachectic state is
thus associated with significant morbidity and is responsible for the majosity of
cancer monality. A sumber of smdiss have sugpested that TNF is an important
mediator of the cachexia in cancer, infections pathology, and in other catabolic
siales.

TNF is thought to play a cenmal role in the pathophysiologicad
consequences of Gram-negative sepsis and endotoxic shock (Michie, HR, &

_al, Br. J. Surg, 76:670-67} (1983}, Debets, I M H. e al, Second Vienng

Shock Forum, p463-466 (1989); Simpson, S. Q. ef al, Crit. Care Clin.
F2147 (1989, including fever, malaise, anorexin, and cachexia, Endotoxin
is a potent monocyle/macrophage activator which stimulazes production and
secretion of TNF (Kombluth, S.K. et al, J. fmmunol. 137:2585-2591 (1986))
and other cytokines. Because TNF could mimic many biological effects of
endoloxin, it was concludzd to be a central mediator responsible for the elinical
manifestations of endotoxin-redated Hiness. TNF and other monocyle-derved
cytokines mediale the matabolic and neurchormonal fesponses 1o endotoxin
{Michie, H.R. er al, N, Eng. J. Med. 318:1481-1486 (198E}). Endatoxin
administration 1o buman  volmteers produces acute illness with fluJike
Symptoms incloding fever, tachycardia, increased metsbolic raie and suess
hormope releass (Revhavg, A. et al, Arch Surg. 123:162-170 (1988)).
Elevated levels of cireulating TNF have also besn found in patients suffering
from Gram-negative sepsis (Waage, A. & al, Lancet 1:355-357 {1987):
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Hammesde, A.F. & al, Second Vienng Shock Forum p- 715718 (1989}
Debets, J. M. H. er al., Crit. Care Med. 17:489-497 (1989): Calandra, T. er al,,
J. Infec. Dis. 161:982-987 {1930)).

Passive immunotherapy directed af newwralizing TNF may have a
beneficial effect in Gram-negative sepsis and endooxemia, based op the
increased TNF preduction snd slevated TNF Jovels in these pathclogy states, 25
discussed above. Antibodies to a "modulator” material which was chararterized
as cacheclin (later found to be identical to TNF) were disclosad by Cerami et al,
{(EPO Patent Publication 0,212,489, March 4, 1987). Such astibodies were
said to be vseful in diagnostic immenoassays and in therapy of shock in
bacterial infections. Rubin ez al. (EPO Patent Publication (1,218,368, Apni 22,
1987) disclosed monoclonal antbodies to buman TNF, the hybridomas
seceling such antibodies, methods of producing such antibodics, and the use of
such antibodies in immunoassay of TNF. Yone e al. (EPO Patent Publication
0,288,088, Cctober 26, 1988) disclosed anti-TNF antibodies, including mAbs,
and their wiility in immunoassay diagnasis of pathologies, in particular
Kawasaki's pathology and bacterial infection. The body fluids of patients with
Kawesaki’s pathology (infantile acute febrile mucocutaneous lymph node
syndrome: Kawasaki, T., Aflergy 16:178 {1967); Kawasaki, T., Shonica
{Pedigrrics) 26:935 {1985)) were said o contain elevated TNF levels which
were related to progress of the pathology (Yone et ol, supra).

Other investigators bhave described mAbs specific for recombinam
human TNF which had neutalizing activity in vitro (Liang, C-M. er al,
Biochem. Biophys. Res. Comm. 137:847-854 (i986): Meager, A, e al,
Hybridoma 6:303-311 (1987); Fendly er.al, Hybridoma 6:359-369 (1987y;
Bringman, T 5 ef al, Hybridomo 6:489-507 (1987); Himi, M. er of, J.
Immumol. Meth. 96:57-62 (1987), Molier, A. et al {Cyrokine 2:162-169
(1990)). Some of these mAbs were used 10 map epitopes of human TNF and
gevelop enzyme immunoassays (Fendly er al, supra; Higai o al., supra; Moller
et al, supra) and 1o assist in the purification of rcombinant TNF (Bringman et
al, supra). However, these studies do not provide 2 basis for producing TNF
neuralizing antibodies that can be used for i vive disgnostic or therapentic nses
in hurmans, duc 10 immunopenicity, lack of specificity andfor pharmaceutical
suitability.

Neutralizing antisera or mAbs 1o TNF have been shown in mammals
other than man to abrogate adverse physiological changes and prevent death
after lethal challenge in experimental spdoiozemia and bacteremia, This effect
has been demansuated, ¢.g., ip rodent lethality assays and in primate pathology
molle! sysiems (Mathison, 1.C. ef al, J. Clin. Javest 8):1525-1937 {1988);
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Beuder, B. ef ol., Science 229:869-871 (1985); Tracey, K. 1. of al, Nawre
330.662-664 (1987); Shimamoto, Y. er al, Immunol. Lett. 17311318 (1988);
Silva, A. T. et al, 1. Infect Dis. 162:421-427 (3990); Opal, 8. M. er al, J.
Infect. Dis. J61:1148-1152 (1990); Hinshaw, LB. ef al. Circ. Shock
30:279-292 (19901,

To date, experience with anti-TNF mAb therapy in humans has been
limited but shows beneficial therapeutic results, e.g., in anhritis and sepsis.
See, e.g., Ellion, M. 1. ef al, Baillieres Clin . Rheumatol. 9:633-52 (1995);
Feldmann M, et al., Ann. N. Y. Acad. Sci. USA 766:272-8 (1995); van der
Poll, T. et al., Shock 3:1-12 (1995) Wheny @ al, Crir. Care. Med.
21:8436-40(1993); Tracey K. ¥., &1 al, Crit. Care Med. 21:5415-72 (1993).

Marrmadian development is dependent on both the proliferation and
differentation of cells as well as programmed cell death which oceurs through
apoplosis (Walker, er ol,, Methods Achiev. Exp. Pathol 13:1E (1988).
Apoplosis plays a crilical role in the desiruction of immune thymocytes that
recognize self antigens. Failure of this normal elimination process may play &
role in auimmune diseases (Gammon et al, lmmunology Today 12:193
{19913).

lich er al. (Cell 66233 (1991)) described a cell surfare antigen,
Fas/CDY5 that mediales apoplosis and is involved in clonz! deletinn of Tcells,
Fas is expressed in activaied T-cells, B-cells, neutrophils and in thymus, liver,
heart and fung and ovary in adubt mice (Watanabe-Fukunaga er al, J. Jmmuno!,
148:1274 (1992)} in addition to activated T-cells, B-cells, neutorophils.  in
experiments where a monoclonal Ab is cross-linked to Fas, spopiosis is indaced
{(Yonchara et al, J. Exp. Med. 169:1747 (1989); Trauth ef al,, Science 245:301
{1985)). In additan, there is an example where binding of 2 monoclonal Ab 1o
Fas is stimulatory to T-cells under cerizin conditions (Alderson et al, J, Exp.
Med, 178:2231 {1593)).

Fas zntigen 35 a cell surface protein of relative MW of 45 Kd. Both
human and murine genes for Fas have been cloned by ‘Watanabe-Fukunaga er
al, (L. lmmunol. 143:1274 (1992)) and Ttoh e ol (Cell 66:233 (19913), The
proieins encoded by these penes are both ansmembrane protr:ins- with
structoral bomology 1o the Nerve Growth Faclow/Tumor Necrosis Faetor
receptor superfamily, which inciudes two TNF receplors, the low affinity Nerve
Growth Factor receptor and CD40, CD27, CDA0, and OX40.

Recently the Fas ligand has been described (Suda ef al, Cell 75:1169
(1993)). The amino asid sequence indicatzs that Fas lgand is & type 1
tansmembrane protein belonging 10 the TNF family. Thus, the Fas lizand
polypeptide comprises three main domains: # shont intacellvlar domain at the
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amino terminal £nd and a longer extracellular domain at the carboxy t=rminal
end, connecied by a hydrophobic transmembrane domain, Fas ligand is
expressed in splenocyies and thymocyles, consisieat with Tecell mediated
cylatoxicity. The purified Fas lipand has a MW of 40 kD.

Reeently, it has been demonstrated that Fas/Fas lipand interactions are
required for apopiosis following the activation of T-cells (Ju & al. Nomre
373:444 {1995); Brunver er al,, Nature 373:441 (1995)). Activation of Tcells
induces both proteins on the cell surface. Subsequent interaction between the
ligand and receptor results in apoplosis of the cells. This suppons the possible
regulatory role for apoplosis induced by Fas/Fas ligand interaction during
normal fmmune responses.

Accordingly, there is a need to provide cytokines similar to TNF that are
invalved in pathological conditions. Such novel cytokines may be used to make
novel antibodics or otber antagonists that bind these TNF-{ike cytokines for
diagnosis and therapy of disorders related to TNF-like cytokines.

Summary of the Invention

In accordance with one embodiment of the present inveption, these is
provided a novel exmaceliular domain of a Newuokine-a polypeptide, and a
novel extracellular domain of a Neutrokine-aSV polypeptide, as well as
biologically active and diagnostically or therapeutically useful fragmens,
analogs and derivatives thereof.

In accordance with another embodiment of the present invention, ther
are provided isolated pucleic acid smolecules encoding human Neotrokine-a or
Neutrokine-aSV, incleding mRINAs, DNAs, cDNAs, geoomic DNAS as well as
analogs and biologically active and diagnostically or therapeutically useful
fragments and derivatives thereof.

The present iovention provides isolated nucleic acid molecules
comprismg a polynucleotide encoding a cyrokine and an apparent splica variant
thereof that are stracrurally similar 10 TNF and related cywkines and have
simifar binlogical effecis and activities. This cytokine is named Neuwtrokine-s
and the invention includes Nevtrokine-a polypeptides having at least a portion of
the amino acid sequence in Figures 1A and 1B (SEQ ID NO:2) or aminp acid
sequence encoded by the cDNA clone (HNEDU1S) deposited in a bacterial host
on October 22, 1995 assipned ATCC nurnber §7768. The nucleotide sequence
determined by sequenciog the deposited Neutrokine-a clone, which is shown in
Figores 1A and iB (SEQ ID NO:1), contains an open reading frame encoding a
complete polypsptide of 285 amino acsid residues including an Neterminal
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methionine, 2 predicied intracsllular domain of about 46 amino acid residues, a
predicled transmembrane domain of aboyt 26 amino acids, a predicted
extracellular domain of ebowt 213 amino acids, and a deduced melecular weight
for the complete protein of about 3§ kDa. As for other type 1 transmembrane
proteins, soluble forms of Neutrokine-a inclede all or portion of the
extraceihular dotnain cleaved from the ransmembrane domaiy and 2 polypeplide
comprising the compiete Neutrokine-a polypepiide lacking the ransmembrane
domaip, i.¢., the extracellular domain linked 1o the intracellvlar domain,

The apparent splice vasant of Neuwokine-a is named Neutrokine-aSV
and the invention includes Neutrokine-aSV polypeptides having of least a
portion of the amino acid sequence in Figures 5A end SB (SEQ ID NO:19) or
amino acid scquence encoded by the ¢DNA cione HDPMCS? deposited on
December 10, 1998 and assigned ATCC sumber 203518, The nucleotde
sequence determined by sequencing the deposited Neutrokine-2SV clone, which
is shown in Figures SA and 5B (SEQ ID NO:18), contains an open eading
frame encoding a complete polypeptide of 266 amino acid residues including an
N-terminal methionine, a predicied infracetlular domain of about 48 aming arid
residues, a predicted transmembrane domain of about 26 amino acids, a
predicted extraceliular domain of sbout 194 amino acids, and a deduced
molecwdar weight for the complete protein of about 29 kDa. As for other type I
ransmembrane proteins, soluble forms of Neurokine-s8V include aff or a
porticn of the exiraceliular domain cleaved from the ransmembrane domain and
a polypeplide comprising the complete Neugokine-aSY polypeptide lacking the
uansmembrane domain, i.e., the extrcellular domain linked to the intrareflular
domain,

Thus, ope embodiment of the invention provides an isolated nucleic acid
moleculs comprising & polynucleotide having a nucleotide sequence selected
frem the group consisiing of: (a) a nuclsotide sequence encoding a full-lenpth
Neuwokine-a polypeptide having the complete amsing arid sequence in Figures
1A znd 1B (SEQ ID NO:2) or as encoded by the cDNA clone contaiped in the
deposit having ATCC accession murnber 97768; {b} a oucleetide sequence
encoding the predicted extracellwlar demain of the Newrokine-a polypepiide
having the amino acid sequence at positions 73 to 285 in Figures IA and 1B
(SEQ ID NO:2) or as encoded by the clone contained in the deposit baving
ATCC acression number 97768; {c) a nucleotide sequence encoding a fragment
of ik polypeptide of (b) having Neurrokine-s fincriopal activity {e.g.,
biolopical ecitivity); (d) 2 sucleotide sequence encoding 2 polypeptids
comprising the Neutrokine-s invacelular domain {predicied 10 constinate amino
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acid residues from abowt 1 1o about 46 in Figures 1A and 1B (SEQ ID NO:2)
or &5 encoded by the clone contained in the deposit having ATCC accession
number 97768: (&) a nuclestide sequence encoding a polypeptide comprising the
Neutrokine-s wansmembrane doreain {predicted 1o constitute amine acid
residucs from about 47 1o thoul 72 is Fignres 1A and 1B {SEQ ID NO:2} or as
encaded by the cDNA clone contained i the deposit having ATCC accession
rember 97768: (1) a nucleotide sequence encoding a soluble Neumokine-s
polypeptide having the extraceliular and intracellular domains bur lacking the
ransmembrane domain; and (g) & nucleotide sequence complementary to any of
the nucleotide sequences in {a), (b), (), {d}, (e) or (f) above.

Another embodiment of the invention provides an isolated nucleic acid
molecule comprising a polynucleotide having a nucleotide sequence selected
fromihe group consisting of: (2} 2 nucleotide sequence encoding a full-length
Neutrokine-aSV polypeptide baving the complete emino acid sequepce in
Figures SA and 5B (SEQ ID NO:I9) or as encoded by the cDNA clone
contained in the ATCC Deposit deposited on December 10, 1998 as ATCC
Number 203518; (b) a nucleotide sequence eneoding the predicied extracelular
damain of the Neutrokine-aSV polypeptids having the amino acid sequence at
positions 73 1o 266 in Figures JA and 1B {SEQ ID NO:2) or as encoded by the
cDNA clone coniained in ATCC 203518 deposited on Deceraber 10, 1998; (e} 2
micleotide sequence encoding a polypepride comprising the MNeutrokine-aSV
intraceHular domain (predicted 1o constitute amino acid residues from about | o
about 46 in Figures 5A and 5B (SEQ ID NO:19)) or as encoded by the cDNA
clone conuined in ATCC No. 203518 d=posited on December 10, 1958: d)a
nucizotide seqnenc.e encoding 2 polypeptide comprising the Neutrokine.aSV
ransmembrane domain (predicied to constitute amino acid residues from ahout
47 10 abowt 72 in Figwes 5A mnd 5B (SEQ ID NC:19) or as encoded by the
tDNA clone contained in ATCC No. 203518 depositzd on December 10, 1598;
{e} a nuckotide sequence encoding 2 soluble Neutrokine-2SV polypeptide
having the extracsllular and intraceBular damains bot lacking the trznsmembrane
domain; and {f) a nucleotide sequence complemnentary 1o any of the nucleotide
sequances in (a), (b), (¢}, {d}, or {¢) above.

Further embodiments of the invention inchide isolated mucleic acid
molecules that comprise a polynucleotide having a nuclectide sequence at Jeast
90% identical, and mare preferably at least 95%, 96%, 91%, 98% or 95%
identical, to any of the nucleotide sequences in (a), (b). (e, (), (&), (D) or ()
above, or a polynucleotide which bybridizes under stringent hybridizuion
conditions 10 a polynucleotide in (), (b), {e). (), (). (D} or (g) above. This
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polynucleotide  which hybridizes does not  hybridize under  stringent
hybridization conditions to a polymucieotide baving a nucleotide sequence
consisting of only A residues or of only T residves. An additional mucleic acid
embodiment of the jnvention relalcs to an isolated nucleic acid molecule
comprising a polynucleotide which encodes the amino acid sequence of an
epitope-bearing portion of a Newwokine-s or Neutrokine-sSV polypeptide
having an amino acid sequence in (a), (b), (c), (d}, (&) or {f} zbove. A forther
nucleic acid embodiment of the invention relates to an isolaled nucleic acid
molecyle comprising a polymucleotide which encodes the amino acid sequence
of a2 Newrokine-z or Newwokine-aSV polypsptide having 2n amino acid
seguence which conlains at least one amino acid addition, substitation, andior
deletion bul not more than 50 amino acid additions, substintions andlor
deletions, even more preferably, not more than 40 amino acid additions,
substitutions, andfor deletions, stilt more preferably, not more than 30 amino
acid additions, substitutions, and/or deletions, and still even more preferably,
not mom than 20 amire acid additions, substitwtions, andfor delstions. Of
course, in order of cver-increasing preference, it is highly preferable for a
potynucieotide which encodes the amine acid sequence of a Neutrokine-z or
Neutrokine-aSV polypeplide to have an amino acid sequence which contains not
more than 10,9, 8,7, 6, 5, 4, 3, 2 or | or 1-100, 1-50, 1-25, 1-20, 1-i5, I-
10, or 1-5 amino acid additions, substitutions andfor delstions. Conservative
substitutions are preferable.

‘The present invention also relates to recombinant vectors, which include
the isolated nucleic acid molecules of the present invention, and to host cells
conlaining the recombinant vecrors, as well as to methods of making such
vectors and host cells and for using themn for production of Neugokine-a
polypeptides or peplides by recombinant techaiques.

In accordance with a further cmbodiment of the present invention, there
is provided a process for producing such polypeptide by recombinant
techniques comprising cuiring recombinant prokaryotic and/or eukaryotic host
cells, conlaiping a bumen Neutrokine-s or Neuwokine-sSV nuckic acid
sequence, ender conditions promotng expression of said polypeptide and
subsequent recovery of said polypeptide.

The invention further provides an isolaed Newvokine-n polypeptide
comprising an amino acid sequence selected fram the group consisting of: (a)
the amino acid sequence of the full-length Neutrokine-a polypeptide having the
complete amino acid sequence shown ip Figures 1A and 1B (ic., positions
1-285 of SEQ ID NO:2) or as encoded by the cDNA clone contained in the
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deposit having ATCC accession number 97768; (b) the amino acid sequerce of
the fulllength Neutrokine-a polypeptide having the compleiz amino acid
sequence shown in SEQ ID NO:Z excepting the N-terminal methionine {ic.,
positions 2 to 285 of SEQ ID NO2); (c) a fragment of the polypeptide of (&)
having Neutrokine-a fupctional activity {e.g., biolopical activity};; (d) the amiso
acid sequence of the predicied exwacelfuly domain of the Neuwrokine-s
polypeptide having the aminp acid sequence at positions 73 to 285 in Figures
1A and 1B {SEQ ID NO:2) or as encoded by the cDNA clons contained in the
deposit having ATCC accession number 97768, (e) the amino acid sequence of
e Neurokine-s intrecelblar domain {predicted 1o constitule amino acid
residuss from about | 1o aboul 46 in Figures 1A and 1B (SEQ D NO:2)) ot as
encoded by the cDNA clone contained in the deposit having ATCC accession
nusber 97768; {£) the amine acid sequence of the Neutroking-a transmembrane
domain (predicted 1o constitute amino acid residues from abow 47 1o about 72 in
Figures 1A and 1B (SEQ ID NO:2)) or as encoded by the cDNA clone
contained in the deposit having ATCC accession namber 97768; (g} the aminp
azid seqoente of the soluble Neutrokine-s polypeptide having the extreellular
and intracellular domaing but lacking the transmembrase domain, wherein each
of thess domains is defined above; and (g) fragments of the polypepride of (a),
(b3, (), (d), (¢}, or (). The polypeptides of the present invention also jncluds
polypeptides having an amino acid sequence at keast 80% identical, more
preferably at least 90% identical, and stl more preferably 95%, 96%, 97%,
#8% or 99% ideniical to those described in (), (), {¢), (d), (¢} (), ot (g)
above, as well as polypeptides having an amino acid sequence with at Jeast 50%
simifarity, and more preferably at least 95% similarity, to those above.
Additional embodiments of the mvention relaies 1o a polypeptide which
comprises the amino acid sequence of an epitops-bearing portion of a
Neubokine-a polypeptide having an amino acid sequence described in (a), (b)),
{e). (@), {e), (£, or (g} above. Peptides or polypeptides having the amino acid
sequence of an epilope-bearing portion of a Neutrokine-a polypeptide of the
invention include portions of such polypepddes with ar keast six or seven,
preferably &1 Jeast nine, and more preferably at least abowt 30 amuno acids to
abonl 50 armino acids, although epitope-bearing polypeptides of any length up 10
and inchuding (he entire amioo arid sequence of a polypeptide of the invention
described above also are included in the invention.

The invention further provides an isolated Nevtrokine-aSV polypeptide
comprising an amino acid sequance selectcd from the group consisling of: (a)
the amino 2cid sequence of the full-length Neutrokine-aSV polypsplide having
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the complete aneing acid sequence shown in Figures 5A and 5B (i.c., positicns
1-266 of SEQ ID NO:19) or as encoded by the cDNA clons contained in ATCC
No. 203518 depesited on December 10, 1998; (b) the amine acid sequence of
the full-leagth Neutrokine-aSV polypeptide having the compleie amino acid
sequence shown in SEQ ID NO:19 excepting the N-terminal methionine {i.e.,
pesitions 2 to 356 of SEQ ID NO:18Y; (o) the zmine 20d sequence of the
predicied extracellular domain of the Neuwokine-2SV polypeptide having the
amino zcid sequence af positions 73 1o 266 in Figures 5A and SB (SEQ I
NO:19) or as eacoded by the cDNA clone contained in ATCC No. 203518
deposited on December 10, 1998; (d) the amino acid sequence of the
Neutrokine-aSY inraceliuler domain {predicizd 1o constitute amino acid residues
from about | to sbout 46 in Figures SA and 5B {SEQ 1D NO:19Y) or as encoded
by the cDNA clone contained in ATCC No. 203518 deposited on December 10,
1998; (c) the amino acid sequence of the Newtrokine-sSV transmermbrane
domain (predicted to constitute amine acid residues from aboot 47 to about 77 in
Figures 5A and 5B (SEQ ID NO:19)) or as encoded by the cDNA clone
comained in ATCC No. 203518 deposited op December 10, 1998; () the amino
aeid sequence of the soluble Neutrokine-aSY polypeptide having the
exiracelular and intraseliular domzins but lacking the wensmembrane domain,
wherein each of these domains is defined above; and {g) fragments of the
polypeptide of (a), (b), (c), (@), (e}, or (). The polypeptides of the present
invention alsa include polypeptides having an amino acid sequence at feast 80%
identical, more preferably at least 90% identical, apd still more preferably 95%,
96%, 97%, 98% or 39% identical to those described in {2), (B), (), (d), (e) (),
or {g) above, as well a5 polypeptides baving an amino acid sequznce with a
least 90% similarity, and more preferably a1 Jeast 95% simnilatity, 10 those
above. Additional embodiments of the invention relates 1o a polypeptide which
comprises the amino acid sequence of an epitope-bearing  portion of a
Neutrokine-aSV polypeptide having as amino acid sequence described in (a),
(b, (&), (d), {e). (D), or (g) above. Peptides or polypeptides having the amino
acid seqoence of an epitope-bearing portion of 2 Nemrokine-:SV polypeptids of
the ipvention include portions of such polypeplides with a Jeast six or seven,
preferably at least nine, and more preferably at Jesst sbout 30 amine acids to
about 30 aminoe acids, although epilope-bearing polypeptides of any length up to
and inchuding the entire amine acid sequence of a polypsptide of the investion
described above alse are included in the invention,

An additional embodiment of the invention relates 1o a polypsptide
which has the amino acid sequence of an epilope-bearing portion of a
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Newwrokine-x or Neotrokine-2SV polypeptide having ap amino acid sequence
described in (a), (b, (c), (d), (e), {1 or (g) above. Peptides or polypeptides
having the amino acid sequence of an epitope-bearing pontion of & Neutrokine—g
of Neuotrokine-aSV polypeptide of the jnvention include portions of such
polypeptides wilh at least six of seven, preferably at least mine, and more
preferably at Jeast aboot 30 amine acids fo about 50 aminn acjds, although
cpilope-bearing polypeptides of any length up to and including the entire amino
acid sequence of a polypeptide of the invention described above also are
included in the invention. In another embodiment, the invention provides an
isolated antibody that binds spesifically (i.e., uniguely) to a polypeptide having
an amino acid Sequence deseribed in {a). (b}, (v), (@), (&), {f) o7 (), above,

The invention further provides methods for isolating antibodies that bind
specifically {i.e., uniquely) 1o 2 Newtrokine-s or Neatroking-aSV pelypeptide
having an amino arid Sequence 25 described hernin. Such antibogies are useful
diagnostically or therapeutically as dascribed below.

The invention also pravides for pharmaceutical compositions tomprising
saluble Neutrokine-a andfor Nevtrokine.»SV polypepiides, panticularly human
Nevtrokine-a and/or Nentrokine-a5V polypeptides which may be employed, for
instance, o freal turnor and tumor melastasis, infections by bacteria, vimses and
other parasites, immunodeficiencies, inflammalory diseases, lymphadenopathy,
autpimmune diszases, grafl versus hosi discase, stmulae peripheral tolerance,
desioy some transformed cel] lines, mediate coil activation and proliferstion,
&nd 1o mediate jmmynes regulation and inflammatory responses,

The invention further provides compositions comprising a Neutrokine-a
or Neutrokine-sSV polynucleotde or a Neutrokine-n or Neutrokine-oSV
polypeptice for administration 1o cells i vitre, 1@ cells ex vive and 1 cells in
vive, or 10 2 multicellular organism.  In preferred embodiments, the
compasitions of the invention comprise a Newirokine-a and/or Neutrokine-28v
polymucleotide for expression of a Newtrokine-a  apdfor Neutrokine-aSV
polypeplids in 2 host organism for treament of diseage. Paticularly prefepred
in this regard is expression in 2 human patient for treatment of a dysfunction
associated  with  gberant endogenous activity of 2 Newwokine-s or
Neutrokine-aSV gene {¢.g., enbantement of 2 noymal Bt=ll function by
expanding B-cell numbers),

The present invention alsp provides a screening method for identifying
tompounds capable of enhancing or inhibiting a cellular response induced by
Neutrokine-s znd/or Neutrokine-:SV which involves contacting cells which
express Newstrokine-s apdfor Neutroking-aSV with the candidate compound,
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assaying a cellolar response, and coepating the celiular response to a standard
cellular response, the standard being assayed when contact is made in absence
of the eandidale compound; whereby, an increased celinlar Tesponse over the
standard indicates that the compound js an agonist and a decreased cellular
response over the standard indicates that the componnd is an antagonist,

In another embodiment, a method for identifying Neutrokine-a and/or
Neutrokine-25V receptors is provided, a5 well as a screenin g assay for agonists
and anlagonists using such receptors.  This assay involves determining the
cffect a candidate compound has on Newwokine-a andfor Neutrokine-aSY
binding to the Newtrokine-a andfor Neutrokine-1SV receptor. In particular, the
mzthod fnvolves conlacting a Newtrokine-a and/ior Nenmrokine-aSV Tecepior with
a Neutrokine-a andfor Neutrokine-zSV polypeptide of the invention and 1
tandidate compound and determining  whether Newzokine-s and/or
Neutrokine-aSV polypaptids binding to the Neutrokine-a andior Newtrokine-n5V
recepior is increased or decreased due to (he prestoce of the candidate
compaund.  The antagonists may be employed 1o prevent septic shock,
inflammation, cerebral malaria, activation of the HTV virus, grafi-host rejection,
bone resorption, rheumatoid arthritis, cachexia {wasting or malnutrition), and
immune systemn function.

The pasent inventors have discovered that Neutrokine-a is expressed
nol only in cells of monocytic Hineage, but also in kidney, Jung, peripheral
leukocyte, bone manrow, T cell tymphoma, B celi lymphoema, activated T cells,
stomach cancer, smooth muscle, macraphages, and cord blood lissne, The
present invenlors have further discovered that Neuwrokine-aSV appears 10 be
cxpressed highly anly in primary dendsitic cells, For a number of disorders of
these tssuss and cells, such a5 wwmor and tumor metastasis, infection of
bacterie, viruses and other parasites, immunodeficiencizs, seplic shock,
inflammation, cerebral malaria, activation of the HIV virs, graft-host rejection,
bene resorption, rheumatoid arthrits and cachexia (wasting or maknutrition, # is
belizved that Significantly higher or lower levels of Neutrokine-a andfor
Neutrokine-aSV gene eXpression can be detecled in cenain tissues (c.g., bone
marow) or bodily fluids (e.g., serum, plasma, urine, synovial fluid or spinal
fluid) teken from an individual having such a disorder, relagve 10 8 “stendard”
Neutrokine-a andfor Neutrokins-zSV genc expression level, e, the
Neutrokine-a and/or Neytrokine-a§V expression jevel in tissue or badity fiuids
from an individual not having the disorder. Thus, the invention provides a
dizgnostic method useful during diagnosis of a disorder, which involves: (a}
assaying Neutrokine-a and/or Neutrokine-aSV gens expression level in cells or
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body Shid of an individual; () comparing the MNeutrokine andfor
Neutrokine-aSV gene cxpression level with 2 standard Neutrokine-a andfor
Neugokine-aSY gene expression Jevel, whereby an increase or decrease in the
assayed Neutrokine-2 and/or Neatrokine-2SV gene expression level compared to
the standard expression level is indicative of a disorder.

An 2dditional sbodiment of the inveption is relatsd 10 2 pethed for
treating an individual jo opeed of an increased or constimtive level of
Neutrokine-a and/or Neutrokine-aSV activity in the body comprising
administering to such an individual a composition comprising a therapeutically
effective amount of an isolated Neuirokine-a and/or Neutrokine-aSV polypeptide
of the invention or an agonist thereof.

A still fusther embodiment of the invention is related 1o & method for
teating an individual in need of a decreased level of Neswokine-a andlor
Neutrokine-aSV activity in the body comprising, administering o such an
individnal a composition comprising 2 therapewsically effective amount of an
Nevtrokine-a and/or Neutrokine-aSV antagonist. Preferred antagonists for use
in the  presemt invention are  Neutrokine-mspecific  andlor
Neuuokine-a8V-specific antibodies,

Brief Pescription of the Figures

The following drawings are iliustrative of embodiments of the invention
and are pof meant 1o limit the scope of the invention as shcompassed by the
claims.

Figures 1A and 1B shows the nucleotide {SEQ ID NO:1) and
deduced aming acid (SEQ ID NO:2) sequences of Nevtrokine-2. Amino asids 1
to 46 represent the predicted intracellular domain, amino acids 47 1 72 the
predicied ransmembrane domain (the dovble-underlined sequence), and amino
acids 73 1o 285, the predicted extracelinlar domain (the remaining sequence).
Potentia} asparagine-linked plycosylation sites are marked in Figures 1A and 1B
with a bolded asparagine symbol (N) in the Neutrokine-a amino acid sequence
and a bolded pound sign (#) above the first muclectide encoding that asparagine
residie in the Newmokine-a nucleotide sequence.  Potential N-linked
ghycosylation sequences are found at the foliowing Jocations in the Newrokine-a
amino acid sequence:  N-124 through Q-[27 (N-124, §-125, §-126, Q12n
and N-242 through C-245 (N-242, N-243, 5-244, C-245).

Regions of high identity between Neuirokine-s, Neutrokive-aSV,
TNF-a, TNF-b, LT-b, and the closely related Fas Ligand (an aligment of these
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Sequences is presented in Figure 2) are underlined in Figures 1A and 1B, These
Tegions are not limiting and are labeled as Conserved Domaip (CD}], CD-13,
CD-10, CDIV, CD-V, Ch-VL, CD-VI, CD.VI, CD-IX, CD-X, and CD.X1
in Figures 1A and 1B,

Figures 2A and 2B show the regions of identity between the aming
acid sequences of Neptrokine-a (SEQ IP ND:2) and Neutrokine-aSV SEQ b
NQ:19), and TNF-a ("TNFalpba" in Figures 24 and 2B; GenBank No.
Z15026; SEQ ID NO:3), TNF-8 {"TNFbeta™ in Figeres 2A and 2B; GenBank
No. Z15026; SEQ ID NO:4), Lymphotoxin-b {LTheta™ in Figures 74 angd 2B;
GenBank No. L11016; SEQ ID NO:5), and FAS ligand ("FASL" in Figures 24
and 2B; GenBank No. U} 182); SEQ ID N(:6), determined by the "MegAlign™
routine which is part of the Compater program called "DNA*STAR." Residues
that match the consensns are shaded,

Figure 3 shows an analysis of the Nentrokine-a amino acid sequence,
Alpha, beta, mum and cofl regions;  hydrophilicity  and hydrophobicity:
amphipathic regions; flexible regions; antigenic index and surface probabiliy are
shown, a5 predicted for the aming arid Sequence of SEQ D NO:2 using the
default parameters of the recited cempuler programs. In the "Antigenic Index -
Jameson-Woll" graph, the indicae location of the highly antigenic regicns of
Neuwrokine-a Le., regions from which epitope-bearing peptides of the invention
mzy bz oblained. Antigenic polypepiides include fram abou Phe-115 10 abom
Leu-147, from about Ile-150 10 about Tyr-163, from about Ser-171 o abour
Phe-194, from abour Glu-223 to about Tyr-247, and from shout Ser-27) 10
about Phe-278, of the amino acid sequence of SEQ 1D NO:2,

The data presented in Figure 3 are also represented fn tabular form in
Table I The columns ame labeled with the headings "Res”, "Position”, and
Roman Numerals 1-XIV. The column beadings refer 10 the fallowing features
of the amino acid sequence presented in Figwre 3, asd Table I "Res™ amino
acid residue of SEQ ID NO-2 and Figures 1A and 1B; “Position™ position of
the comesponding residue within SEQ ID NO:? and Figwes 14 and 1B; |
Alpha, Regions - Garnier-Robson; II: Alpha, Repions - Chou-Fasman; MJ:
Beta, Regions - Garnier-Robson; V- Beta, Repions - Chou-Fasman; ¥, Tum,
Regiops - Garnier-Robson: VE Tum, Regitms - Chou-Fasman; VI Cail,
Repions - Garnier-Robson: VIl Rydrophilicity Ploy - Kyte-Doolinde; Ix:
Hydrophobicity Ploy - Hopp-Woods; X: Alpha, Amphipathic Regions -
Eisenbers: X1: Beia, Amphipathic Regions - Eisenberg; XII: Flexible Regions -
Karplus-Schulz; XnT: Anligenic Jndex - Jameson-Wolf; and XTV: Surface
Probabifity Piat - Eminj,
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Figures 44, 4B, and 4C show the alignment of the Neutrokine-a
nucleotide sequence determined from the human cDNA deposited in ATCC No,
97768 with related human eDNA clones of the invention which have been
designated HSOADSS (SEQ ID NO:7). HSLAHS4 (SEQ ID NO:E) and
HLTBMOS (SEQ ID NO:5).

Figures 5A oand 5B shows the pucleotids (SEQ ™ NO.I2) and
deduced amino acid (SEQ ID NO:19) sequences of the Nevtrokine-sSV protein,
Amino acids 1 to 46 represent the predicted intracellular domain, amino acids 47

"o 72 the predicied transmembrane domain {the double-underlined sequence),

and amino acids 73 10 266, the predicied extracellular domain (the remaining
sequence).  Potential asparagine-linked plycosylation sites are marked in
Figures 5A and 5B with 2 bolded asparagine symbol (N} in the Neutrokine-aSV
amino acid sequence and a bolded pound sign (#) sbove the frst mucleotide
encoding that asparagine residue in the Neutrokive-aSV pucleotide sequence,
Potential N-linked glycosylation sequences are found a the following locations
in the Neutrokine-2SV amino acid sequence: N-124 through Q127 (N-124,
54125, 3-126, Q-127) and N-223 through C-226 (N-223, N-224, 5-225,
C-226). Antigenic polypeptides include from about Pro-32 10 about Leu-47,
from about Giu-116 1o about Ser-143, from about Phe-153 (o about Tyr-173,
from about Pro-218 1o about Tyr-227, from about Ala-232 (o about Gin-241;
from about e-244 10 about Ala-249; and from about Ser-252 10 about Val-257
of the amino acid sequence of SEQ ID NO: 19,

Regions of high identity berween Neutrokine-a, Neutrokine-aSY,
TNF-a, TNF-b, LT, and the closely related Fas Ligand (an aligment of these
sequences s presented in Figure 2) are underlined in Figures' 1A and 1B,
Polypeptides comprising, or allernatively, consisting of the amino acid sequence
of any combination of one, two, three, four, five, six. seven, eight, nine, ten,
or o all of these regions are encompassed by the invention. These conserved
regions (of Neutrokine-s and Neotrokine-s$V) are labeled as Conserved Dormrain
(CD}L, CD-1L, CD-11L, CD-V, CD-VI, CD-VII, CD-VIH, CD-IX, CD-X, and
CD-X1 in Figures SA and 5B. Neutrokine-aSV does not comtain the sequence
of CD-TV described in the legend of Fignres 1A and 1B,

An additional alignmeat of the Neutrokine-2 polypeptide scquence (SEQ
1D NO:2) with APRIL, TNF alpha, and LT alpha is presented in Figure 7A. In
Figure 7A, beta sheat regions are indicated ss described below in the Figure 74
legend.

Figure § shows an anajysis of the Neutrokine-» amino acid seguence,
Alpha, beta, nm and coll regiong; hydrophilicity and hydrophobicity;
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amphipathic regions; flexible regions; antigenic index and surface probability are
shown, as predicted for the amino acid sequence of SEQ ID NO:2Z using the
default parameters of the recited computer programs. In Lhe "Antigenic Index -
Jameson-Wolf* graph, the indicate Jocation of the highly antigenic regions of
the Neutrokine-s protein, i.c., regions from which epitope-bearing peprides of
the invention may be obtaired. The dam shown in Figure 6 can be easily
represented in tabular format similar to the data shown in Table 1 Such 2
tabiniar representation of the exact data disclosed in Figure 6 can be pencrated
using the MepAlign component of the DNA*STAR compuier sequence analysis
package set on default paraeters. This is the idemtical program that was uscd
tp generate Figures 3 and 6 of the present application.

Figure 7A. Sequence and expression of Neustrokine-z  Amino-acid
sequence of Neutrokine-s and alignment with APRIL, TNF aipha, and LT
alpba. ‘The full length aa sequence of Nevtrokine-a is shown méclher with an
alignment of its predizted receptor-jigand binding domain with thosz of APRIL,
TNF alpha, and LT alpha The predicted membrane spanning region is
indicated and the sile of cleavage depieted with an arrow. Identcal amine acids
are shaded in yellow, Sequences overlaid with lines (A thru H) mopresent
predicted beta-pleated sheet regions.

Figure 7B.  Expression of Neuwrokine-s mRNA. Northem
hybridization analysis was performed using the Newtrokine-z orf 25 2 probe on
blots of poly{A)M RNA (Clonetech) from a spectrum of buman tissue types and
a selection of cancer cell Yines.

Figares BA and 8B. Cell surface expression of Neutrokine-a on
tumor cell lines and normal mopoeytes as dewected by monoclonal antibody‘
I2DSA. A. Single cell suspensions were prepared and cells resuspended a
107 Jml.. One million cells were stained with the anti-Neotrokine-a antibody or
an isptype matched control mAb, Binding was detected by addition of PE-
labeled goat anti mouse IgG. Cells were washed and analyzed on a Becton
Dickinson FACScan using the CellQuest sofrware provided by de
manufacturer. B. Flow cylomeiric analysis of Nevtrokine-a protein expression
en in vire culured monocyws. Comparable results were obtained with
monocytes from three different donors in three independent sxperiments.

Figures SA and 9B. Neuwokine-s induced profiferaton of human
1onsiliar B cells. A. The biologica! acivily of Newwrokibe-a was assessed in a
standard B-lymphocyie co-slimulation assay utilizing either SAC or ant-IgM
antibody as the priming agenl Sccond signals such as [L-2 and IL-15
synergize with SAC and 1gM crosslicking 10 clicit B cell proliferation as
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measured by tritiated-thymidine incorporation. Novel synergizing agents can be
teadily identified using this assay. The assay iovolves isolation of human
tonsillar B c2lls by magnetic bead {MACS) depletion of (D3-positive cells. The
resuiting cell population is greater than 959 B cclls as assessed by expression
of CD45R(B220). Various difwions of each sample are placed into individuat
wells of 2 96-well plue 10 which are added 10° B rells saspended in eulwre
medium (RPMI 1640 containing 10% FBS, 5 X 10°M 2ME, 100U/t
penicillin, Wug/m! streptomyein, and 10 dilytion of SAC) in a total volume of
150ul.  Proliferation is quantitmed by a 20h pulse (luCiwell) with *H4-
thymidine {6.7 CirmM) beginning 72h post factor addition. The positive and
negative controls sre 112 and medium mspectively. B, Newroline induced
proliferation of anti-IgM primed B cells.

Figure 10. Biological nssessment of amino-lerminal truncations of
Neutrokine-a. Using the standard B cell proliferation assay various tuncations
of Newtrokine-z were tested for biclogical activity.

Figure 11. Neutrokine-a binding to tonsillar B cells and the mycloma
cell fine TM9. Purified Neutrokine-a was lzbeled with biotin using the EZ-
linkTM NHS-Biotin reagent (Pierce, Rockford, IL). The resultant protein was
added lo either normal or neoplasdc celis. Following a shrot incubation, the
labeled protein was wahsed out and PE-jabeled strepavidin added 1o vispalize
Neomokine-alpha binding. Cells were washed and analyzed on a Bectos
Dickinson FACScan using the CellQuest software  provided by the
manufacturer. Similar resulis were abserved with a FLAG-1agged Neutrokine-a
prolein, .

Figures 12A and 12B. n vivo adninistration of Neutrokine-s
results in disruption of splenic architsenire and appearance of a matme B ee}
populaion. A. Analyses of formalin-fixed spleens wken fom normal (lefr)
and Neutrokine-a treated (2mg/Kg, BID, 4d} mice (right). Upper panels are
sections stained with H&E while lower figures have been staiend with a B cell
marker, anti-CD45R(B220), and developed with peroxidase/DAR to visualize B
cells. B. FACS aoalysis of B-cell population in splesn, CDMSR (B220) and
ThB (Ly 6D} expression on splenoeytes from BALB/e mice injected with
contro! buffer or (2mg/Kg, BID, 4d) Nentrokine-a protein.

Detailed Description

The present invention provides isolated mucleic acid molecwlss
comprising a polyaucieotide encoding a Neutrokine-a polypeptides having the
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amino acid sequences shown in Figuees 1A and IB (SEQ ID NO:2;, which was
delermined by sequencing a ¢cDNA ciope. The nucleoiide sequence shown n
Figures 1A and 1B (SEQ ID NO:1) way obiained by sequencing the HNEDU15
clone, which was depasited on October 22, 1996 at the American Type Caliure
Collection, 10801 University Boulevard, Manassas, Virginia 20110-2209, and
assigned ATCC Accession No. 57768, The deposited clone is contained in the
pBiluescript SK(-) plasmid (Stratagene, Lz Jolla, CA),

The present invention also provides isolated mucleic acid molecules
comprising & polyrucletide encoding Newtrokine-aSV polypeptides having the
amino acid sequences shown in Figures 5A and 5B (SEQ ID NO:18), which
was determined by sequencing a cDNA clone. The nucleolide sequence shown
in Figures 5A and 5B (SEQ ID NO:i8) was obtained by secquencing the
HDPMCS?2 clone, which was deposited op December 10, 1998 at the American
Type Culure Collection. and assigned ATCC Accession No. 203518, The
deposited clone is contained in the pBluescript SK(-} plasmid (Stratagene, La
Jolla, CA).

The Neutrokine-a and Newowrokine-a polypeptides of the present
invention share sequence homology with \he tanslation products of the human
mRNAs for TNF-s, TNF-8. LTbets, Fas ligand, APRIL, and LTalpha. (See,
Figures 24, ZB, and 7A). As noted 2bove, TNF-a is thought to be an fmpornant
cyiokine tha plays a role in cylotoxicity, necrosis, apoptosis, costimulation,
proliferation, lymph node formation, immunoglobulin class  switch,
differentiation, antiviral activity, and regulation of adhesion molecules and other
cywokines and growth faciors.

Nucleie Acid Meolecules

Unless otherwise indicated, 21l nucleotide sequences determined by
sequencing 8 DNA molecule herein were determined using an amtomated DNA
sequencer (such as the Model 373 from Applied Biosystems, Inc., Foster City,
CA), and all aminw acid sequences of polypepiides encoded by DNA melecules
deterniined herein were predicied by translation of a DNA sequence detcrmined
as above. Therefore, as is known in the ant for any DNA sequence detemmined
by this automaled approach, any nucleotide sequence determined hercin may
contain some ervors. Nucleotide sequences determined by smomation are
typically at least sbout 90% identical, more typically ol Jeast about 95% to at
least abput 99.9% identical to the acmal nucleotide sequence of the sequenced
DNA molecule, The actual sequence can be more precisely delenmined by other
approaches including maoual DNA sequencing methods well known in the art.
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As is also known in the an, a single insertion or deletion in a determined
nucleotide sequence compared to the actual sequence will cause a frame shifl in
transfation of the nucleotide sequence such that the predicted amino acid
sequence encoded by a determined nacieotide sequence will be complely
different from the amino acid sequence actually encoded by the sequenced DNA
molecule, heginning a1 the point of such an insertion or defetion.

By "nuclectide sequence” of a nucleic acid molecule or polynucleotide is
imended, for a DNA molecale or polyouclentide, a sequence of
deoxyribonucleotides, and for an RNA molecule or polynuclectide, the
corresponding sequence of ribomucleatides (A, G, € and U), where each
thymidine deoxyribonucleotide (T} in the specified deoxyribonucleotide
sequence js replaced by the ribonucleotide unidine ().

Using the information provided herein, such as the nucleotide sequence
in Figures 1A and 1B, a nucleic acid molecule of the present invention encoding
a Neunwokine-s polypeptide may be obtained usipg standard cloning and
screening procedures, such as those for cloning cDNAs using mRNA o5
stating mawerial.  Blustrmtive of the invention, the nucleic acid molecule
deseribed in Figores 1A and 1B (SEQ ID N(:1) was discovered in a cDINA
library derived from nevwophils. Expressed sequence tags comesponding 1o a
poriion of the Neutrokine-a cDNA were 2lso found in kidney, lung, pesipheral
leukocyie, bone marrow, T celf tymphoma, B cell lymphoma. activated T ceils,
stomach capcer, smooth muscle, macrophages, and cord blood tisswe. In
addition, using the nucleotide information provided in Figures SA and 5B, a
mucleic acid molecole of the presemt invention encoding a Neutrokine-aSV
polypeplide may be obiained using standard cloning and screening procedares,
such as those for cloning cDNAs using mRNA as sturting material. Dustrative
of the invention, the nucleiz azid molecule described in Figures 5A and 5B
(SEQ ID NO:18) was discovered in a cDNA. Library derived from primary
dendritic cells.

The deposited clone contains an open reading frame encoding a protein
of about 285 amino acid residues, a predicted intracellular domain of about 46
aminge acids {amino acid residues from about 1 10 about 46 in Figures 1A and
1B (SEQ ID NO:2)), a predicted wanstnembraps domain of about 26 amino
acids {underiined amino acid residues from sbout 47 10 about 72 in Figures 1A
and 1B (SEQ ID NO:2)), a predicled extracellular domain of about 213 amino
arids (amino acid residues from about 73 to about 285 in Figures LA and 1B
(SEQ ID NO:2)); and a deduced molecolar weight of about 31 ¥Da.  The
Neutrokine-» polypeptide shown in Figures 1A and 1B (SEQ ID NO:2) is about
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20% similur and about 10 % identical 10 buman TNF-u which can be accessed
oo GenBank as Accession No, 330764,

The Neutrokine-aSV gene contains an open reading frame encoding &
protein of about 266 amino acid residues, a predicted intraceliular domain of
abaut 46 amino acids {amino acid residues from about 1 to abowt 46 in Fipures
5A and 5B (SEQ ID NO:19)), 2 predicted transmembrane domain of abowt 26
amino acids (underlined amino acid residnes from about 47 to abowt 72 in
Fipures 5A and 5B (SEQ ID NO:19)), a predicted extraceltular domain of about
194 amino acids (amino acid residues from about 73 to abow 266 in Figures 5A
and SB {SEQ ID NO:19)); and a deduced molecular weight of aboul 29 kDa
The Neutrokine-eSV polypeptide shown in Figures A and 5B (SEQ ID NO:19)
is about 33.9% similar and about 22.0% identical to human TNF-a which can
be accessed on GenBank as Accession No. 339764

As one of ordinary skill wouid appreciate, due to the possibilities of
sequencing errors discussed above, the acmal complete Neutrokine-a and/or
Neuvtrokise-aSV  polypeptides encoded by the deposited cDNAs, which
comprise about 285 and 266 amino acids, respectively, may be somewhat
shoner. In particular, the determined Neutrokine-a and Neutrokine-a5V coding
sequences contain & comman second methionine codon which may serve as an
alternative start codon for transiation of the open reading frame, at nucleotide
positions 210-212 in Figwres 1A and {B (SEQ ID NOC:i) and & muclentide
positions 64-66 in Figures 5A and 5B (SEQ D NO:1B). More gencrally, the
actual open reading frame may be anywhere in the range of 220 amino acids,
toore likely in the range of £I0 amino acids, of that predicied from either the
firet or second methionine codon from the N-ierminus shown in Figures 1A and
1B {SEQ D NO:1) and in Figures 5A and 5B (SEQ ID NG:18). It will funther
be appreciated that, the polypeptide domains described herein have been
predicled by compuwier analysis, and accordingly. \hat depending on U
apalytical criteria used for identifying various functional domains, the cxacl
"addrass” of the extraceluar, intracclinar and wansmembrane domains of the
Neurokipe-a end Neotrokine-aSV polypsplides may differ slighty. For
gxample, the exact location of the Neutrokine-s and Nentrokine-aSV
extraceibular domatns in Figures 1A 2nd 1B (SEQ ID NO:2) and Figures 5A and
SB (SEQ ID NO:19) may vary shightly (e.g., the address may "shift” by about ]
1o about 20 residues, rnore Tikely about 1 to about 5 residues) depending on the
critedia used to defipe the domain, In this case, the ends of the transmembrane
domains and the beginning of the eximeellular domains were predicted on the
basis of the identification of the hydrophobic amino acid sequence in the above
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indicated positions, as shown in Figures 3 and 6 and in Table I In any eveny,
as discussed further below, the invention further provides polypeptides having
varions residues deleted from the N-tenminus andfor C-termainus of the complets
polypeptides, including polypeptides lacking one or more amino acids from the
Netermini of the exwecellnlar domains deseribed herein, which constine
soluble forms of the cxiocclilwr domais of e MNowuokine and
Neutroking-a8V polypeptides,

As indicated, nucleic acid molecules and polynucleotides of the present
invention may be in the form of RNA, such as mRNA, or in the form of DNA,
including, for instance, cDNA and geromic DNA oblained by cloning or
produced synthetically. The DNA may be double-stranded or single-stranded.
Single-stranded DNA or RNA may be the coding sirand, also known as the
sense strand, or it may be the non-coding strand, also referred to as the
anti-sense strand.

By Tisolated” nucleic acid molecule(s) is intended 2 nucleic acid
molecude (DNA or RNA), which has bezn removed from its  native
environment. For example, recombinant DNA motecules contained in a vector
are consider=d isolated for the purposes of the present invention. Funher
cxzmples of isolaled DNA molecules include recombinant DNA rmolacules
maintained in heterclogous host celis or pwified (pariafly or substantally) DNA
molecnles in solution. Isolated RNA melecules include in vive or in virre RNA
transcripts of the DNA molecules of the present invention. However, 2 nucleic
acid contained in a clope that is a member of a library (e.g., 2 genomic or cDNA
librasy) that has not been isolated from other members of the library {e.g., in the
form of a hornogensous sohution containing the clone and other members of the
library) or a chromosome isolated or removed from a celt or 8 call lysale (e.p., a
"clromosoeme spread”, as in a karyotype), is not “isolated” for the purposes of
this invention.  As discossed further herein, isolated nucleic acid molecules
according Lo the present invention may be produced neturally, recombinantly, or
synthetically.

{solated nucleic acid molecules of the present jnvention include DNA
molecules comprising an opsn reading frame (ORF) with an mitiation coden &
positions 147-149 of the nucleotide sequence shown in Figures 1A and 1B
(SEQ ID NO:1). In addition, isoiated nuclsic acid molecules of the inventios
include DNA molecules which comprise 2 sequence substantially diffesemt from
Lhose described above, but which due 1o the degeneracy of the genetic code, sill
encode the Neutroking-s protein. Of course, the genetic code is well knows in
the art.  Thus, } would be routine for one skilled in the ant 10 penerte the
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degencrate variants described above. In mnother embodiment, the inveation
provides solated nucleic acid molecules encoding the Neutrokine-a polypeptide
having an amino acid sequence encoded by the cDNA contained in the plasmid
having ATCC accession nnmber 97768, Preferably, this nucleic acid molecule
comprises a scquence encoding the extracellulyr domain of the polypeptide
encoded by the cDNA contained in e plasmid having ATCC accession number
97768,

Isolated pucleic acid molecules of the present invention also includs
DNA molecules comprising an open wading frame (ORF) with an initiation
codor ot positions 1-3 of the nuclzotide sequence shown in Figures 5A and 5B
(SEQID NO:18). In addition, isolated nucleic acid molecules of the invention
include DNA molecnles which comprise a sequence substantially different from
those described above, but which dus o the depeneracy of the genetic code, sill
encode the Neutrokine-s5V polypeptide,  Of course, the genstic code is well
known in the art. Thus, it would be routine for one skilled in the ant to gznzrate
the degenerate variants described above. In another embodiment, the invention
provides isolated nucleic acid molecules cocoding the Newtrokine-aSV
polypeptide having an amino acid encoded by the ¢DNA contained in the
plasmid baving ATCC accession number 203518, Preferably, this nucleic acid
molecle comprises @ sequence encoding the extmceiiulyr domaip of the
polypepiide encoded by the ¢DNA conmined in the plasmid having ATCC
accession number 203518,

‘The invention further provides an isolated nucleic acid molecule baving
the nuclzolide sequence shown in Figures 1A and 1B (SEQ D NO:)) or the
nucleotide sequence of the Nevgokine-a cDNA contained in the plasmid bhaving
ATCC accession mumber 97768, or a mclsic acid molecule having a sequence
complementary fo one of the above sequences. In addition, the invention
provides an isolated nucleic acid molecule having the nuckeotde sequence
shown in Figures SA and 5B (SEQ ID NO:18) or the nuclestide sequence of the
Neumokine-» SY ¢DNA cootained in the plasmid having ATCC accession
number 203518, or a nucleie acid molecale having & sequence complementary to
one of the above seguences.  Such isohizd molecules, pariculady DNA
molecules, have uses which include, but are not lisited to, a8 probes for gene
mapping by in sinr hybridization with chromosomes, and for detecting
expression of the Newirokine-s @nd Neuwokine-28V in human ussve, for
inslance, by Northero or Western blot analysis.

‘The invention also provides nucleic acid molecules baving nucleotide
sequences telated to extensive portions of SEQ ID NO:1 and SEQ ID NO:18
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which have been determined from the following mlated ¢DNA clones:
HSOADS3 (SEQ ID NO:T), HSLAHS4 (SEQ D NO:3), and BLTBMOB (SEQ
D NOG:9).

The present invention is furber direcied 1o nucleic acid molecules
encoding portions of the nucleotide sequences described herein, as well as to
fragments of the isolated nucleic acid molecules described herein. In one
embodiment, the invention provides a polynucleotide baving 2 nucleotde
sequence representing the portion of SEQ ID NO:1 which consisis of the
nucleotides at positions 1-1001 of SEQ ID NO:1. 1o antoher embadiment, the
inventjon provides a polynucleotide having 2 nucleotide sequence representing
the portion of SEQ ID NO:18 which consists of pesitions 1-798 of SEQ ID
NO:18,

The preseat invention is further directed to fragments of the nucleie asid
molecules (i.e. polynucieotides) described herzin. By a fragment of a mucleic
ecid molecule having, for example, the nocleotide sequence of the cDNA
coptained in the plasmid having ATCC accession number 97768, a nucleotide
sequence encoding the polypeptide sequence encoded by the cDNA contained in
the plasmid having ATCC accession number 97768, the nuclectide sequence of
SEQ ID NO:1, a nucleolide sequence encoding the polypeptide sequence of
SEQ 1P NO:2, thr nucleotide sequence of the ¢DNA contained in the piasmid
having ATCC aceession number 203518, 2 nucleotide sequence encoding the
polypeptide sequence encoded by the cDNA contained in the plasmid baving
ATCC aceession mumber 203518, the nucleotide sequence of SEQ ID NO:1B, a
mucieotide sequence sncoding the polypeptide sequence of SEQ ID NO:20, or
the complementary strand thereto, is intended fragments at least 15 nt, and more
preferably at least 20 nt or at least 25nt, stil} more preferably at Jeast 30 nt, and
even more preferably, at least 40, 50, 106, 150, 200, 250, 300, 325, 350, 375,
400, 450, or 500 nt o length. These fragments have aumarons uses which
include, but are not limited to, diagnostic probes and primees as discussed
berein. Of course, lasger fragments, such as those of 581-1500 nt in length are
also useful according to the present invention as are frapments comesponding 1o
maost, if not all, of the nuclectide sequences of the cDNA contained in the
plasmid havieg ATCC zceession number 97768, the puckeoride sequence of
SEQ IDNO:1, the nucleotide sequences of the cDNA contained in the plasmid
having ATCC accession number 203518, and the nucleotide sequence of SEQ
ID NO:18. By a fragmen! at least 20 ot in Jength, for example, is intendsd
fragments which include the particularly recited ranges of muclectides from the
pugleotids sequence of the deposited ¢DNAs or the nucleotide scquence as
shown in Figures 1A and 1B (SEQ ID NO:1) or in Figures 5A and 5B {SEQ ID
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MO:18), wherein the fragments may be larger or smaller than the particularly
tecited range by several (Le. 5,4, 3, 2 or 1} amino acids, at either extreme or al
both extremes. Preferred nucleic acid fragments of the present invention includz
sucleic zcid molecules encoding epitope-bearing portions of the Neutrokine-a
and/or Neutrokine-SV polypeptide es identified in Figures 1A and 1B (SEQ ID
NO:2) and in Figures SA and 5B (SEQ ID NO:19), respectively, and described
in more detai] below.

Represemative examples of Neutrokine-o polypucieotide fragments of

the invention include, for example, fragments that comprise, of alternatively,
consist of, a sequence from abowl nucleotide 1 10 50, 51 w 100, 101 to 146,
147 1o 200, 201 1o 250, 251 10 300, 301 10 350, 351 10 400, 401 to 450, 451 10
500, 501 1o 550, 551 to 600, 600 to 650, 651 w 700, 701 to 750, 751 10 800,
800 to 850, 851 10 900, 981 1o 950, 951 10 1600, 1001 to 1050, andfor 105} 10
1082, of SEQ 1D NO:1, or the complementary sirand thereto, or the cDNA
contained in the plasmid having ATCC accession pumber 97768. In this
context "sbout” inciudes the particularly recited ranges, and ranges that are
larger or smaller by several (5, 4, 3,2, or 1} nucleolides, 2t either terminus or &
both termini.

Additional representative examples of Neutrokine-aSV palynucleotide
fragments of the invention include, for example, fragments thal comprise, o
alternatively, consist of, a sequence from about oucleotide | ta 50, 51 to 100,
101 © 150, 151 10 200, 261 to 250, 251 10 300, 301 10 350, 35! 10 400, 401 1p
450, 451 12 500, 501 to 550, 551 o 600, 600 1o 650, 651 10 700, 701 10 750,
751 1o 800, 800 1o 850, and/or 851 to 900 of SEQ ID NO:IB, er the
complementary strand thereto, or the <DNA contzined in the plasmid having
ATCC accession number 2035i8.  In this context “sbowt” inciudes the
particalarly recited ranges, and ranges that are larger or smaller by several (3, 4,
3,2, or !} nucleotides, at either 1erminus or at both termini.

In certain preferred cmbodiments, pelynucicotide of the invention
comprise, or alierpatively, consist of aucleotide residues §71-627, 580-627,
580-627, 600-627, 610-627, 571-620, 580-620, 590-620, 600-620, 571-610,
580-610, 590-610, 571-600, 580-600, endfor 571-390 of SEQ 1D NO:1.

In certain other preferred erabodiments, polynucleatide of the invention
comprise, or alternalively, consist of nuclentide residues 1-879, 23-879,
50-879, 75-879, 100-879, 125-879, L50-879, 175-879, 200-879, 225-879,
250-879, 275-879, 300-879, 325-879, 350-879, 375-879, 400-874, 425-879,
450-879, 475-879, 500-879, 525-879, 350-879, 575-879, 600-E79, 625-879,
650-879, 675-879, T00-879, 725-87%, 750-879, 775-879, 800-879, 825-879.
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850-879, 1-B50, 25-850, 50-B30, 75-850, 100-B50, 323-850, 150-850,
175-850, 200-850, 223-850, 250-850, 375-850, 300-850, 325-850, 350-850,
375-850, 400-830, 425-850, 450-850, 475-850, 506-850, 525-850, 550-R50,
§75-850, 600-850, 625-850, 650-850, 675-850, 700-850, 725-850, 750-850,
775-850, BOD-BS0, 825-850, 1-825, 25-825, 50-825, 75-825, 100-825,
125-825, 130-825, 175-828, 200-825, 225-825, 250-B25, 275-825, 300-825,
325-825, 350-815, 375-825, 400-825, 425-825, 450-825, 475-825, 500-825,
525-825, 550-825, 575-823, 600-825, 625-825, 650-825, 675-825, 700-825,
725-825, 750-825, 775-815, 800-825, 1-800, 25-B09, 50-B00, 75-800,
100-800, 125-800, 150-800, 175-800, 200-800, 225-800, 250-800, 275-800,
300-800, 325-800, 350-800, 375-800, 400-800, 425-800, 450-B00, 475-800,
500-800, 525-800, 550-800, 575-800, 60C-800, 623-800, 650-800, 675-800,
T00-800, 725-800, 750-800, 775-800, 1-775, 25.775, 50G-775, 715-775,
100-775, 125-775, 150-775, 175-775, 200-775, 225-775, 250-778, 275-T75,
300-775, 325-775, 350-775, 3715-T75, 400-775, 425-775, 450-775, 415-775,
500-7173. 525-775, 550-715, 5715-T15, 600-775, 625-775, 650-775, 675-775,
700-775, 725-775, 750-7T15, [-750, 25-750, 50-750, 75-150, 106-750,
125-750, 150-750, 175-750, 200-750, 225750, 250-750, 275-750, 300-750,
325-750, 350-750, 375-750, 400-750, 425-750, 450-750, 475-750, 500-750,
525-750, 550-750, 575-750, 600-750, 623-750, 630750, 675-750, 7100-750,
725-75Q, 1-725, 25-725, 50-725, 75725, 100-735, 125-725, 150-725,
175-7235, 200-725, 225-715, 230-725, 275-725, 300-725, 325-725, 350-725.
375-725, 400-725, 423-725, 450-725, 475-725, 500-725, 525-725, 550-725,
575-125, 600-725, 625-725, 650-725, 675-725, 700-723, 1-700, 25-700,
50-700, 75-700, 100-700, 125-700, 150700, 175-700, 200-700, 225-700,
250760, 275-700, 300-700, 325-700, 350-700, 375-700, 400-700, 425-7040,
450-700, 475-700, 500-700, 525-700, 550-700, 575-700, 600-700, 625-700,
650-700, 675-700, 1-675, 25-675, 50-675, 75-675, 100-675, 125-675,
150-675, 175-675, 200-675, 225-675, 250-675, 273-675, 300-675, 325-675,
350-675, 375-675, 400-675, 425-675, 450-675, 475-675, 500-675, 525-675,
550-675, 573-675, 600-675, 625-675, 650-675, 1-650, 25-630, 50-650,
75-650, H00-650, 125-650, 130-650, 175-650, 200-650, 225-650, 250-650,
275-650, 300-650, 325-650, 350-650, 375-650, 400-650, 425-650, 450-650,
475-650, 500-650, 525-650, 550-650, 575-650, 600-650, 625-650, 1-625,
25-625, 50-625, 75-625, 100-625, 125-625, 150-625, 175-625, 200-625,
225-625, 250-625, 275-625, 300-625, 325-625, 350-625, 375-625, 400-625,
425-623, 450-625, 475-625, 500-625, 525-625, 550-625, 575-625, 600-625,
1-600, 25-600, 50-600, 75-600, 100-600, 125-500, 150-500, 175-600,
200-600, 225-600, 250-600, 275-600, 300-600, 325-600, 350-600, 375-600,
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400-600, 425-600, 450-600, 475-600, 500-600, 525-600, 550-600, 575-600,
1-575, 25-575. 50-515, 75-575, 100-575, 125-575, 150-573, 173-375,
200-573, 225-575, 250-575, 275-515, 300-575, 325-575, 350-575, 375-575,
400-575, 425-575, 450-575, 475-575, 500-575, 525-575, 550-575, 1-350,
25-550, 50-550, 75-550, 100-550, 125-550, 150-550, 175-350, 200-550,
225-550, 250550, 275-550, 300-550, 325-550, 350-550, 375-550, 400-550,
475-350, 450-550, 475-550, 500-550, 525-550, 1-525, 25-525, 50-525,
75-525, 100-525, 125-525, 150-525, 175-525, 200-525, 225-525, 250-525,
275-525, 300-525, 325-525, 350-525, 375-525, 400-525, 425-525, 450-525,
475-525, S00-525, 1-500, 25-500, 50-500, 75-500, 100-300, 125-300,
150-500, 175-500, 200-500, 225-500, 250-500, 275-500, 300-509, 325-500,
350-500, 375-500, 400-500, 4253-500, 450-500, 475-500, 1-475, 25475,
50-475, 75475, 100475, 125475, 150-475, 175-4753, 200-475, 225-475.
250-475, 275-475, 300-475, 325-475, 350-475, 375-475, 400475, 425475,
450-475, 1-430, 25-450, 50-450, 75450, 100-450, 125-450, 150-450,
175450, 200-450, 225-450, 250-450, 275-450, 300450, 325450, 350-450,
375-450, 400450, 425-450, 1-425, 25-425, 50-425, 75-425. 100-425,
125-425, 150-425, 175-425, 200-425, 225-425, 250-425, 275-425, 300-425,
325-425, 350-4725, 375425, 400425, 1-400, 25400, 50-400, 75-400,
100-400, 125-400, 150-600, 175-400, 200-400, 225400, 250400, 275-400,
300400, 325400, 350400, 375-400, 1-375, 25-375, 50-375, 75-375,
100-375, 125-375, 150-375, 175-375, 200-375, 225-375, 250-375, 275-375,
300-375, 325-375, 350-375, 1-350, 25.350, 50-350, 75-350, 100-350,
125-350, 150-350, 175-350, 200-350, 225-350, 250-350, 275-350, 300-350,
325-350, 1-325, 25-325, 50-325, 75-325, 100-325, 125-325, 130-325,
175-325, 200-325. 225-325, 250-325, 275-325, 300-325, 1-300, 25-300,
50-300, 75-300, 100-300, 125-300, 150-300, 175-360, 200-300, 225-300,
250-300, 275-300, 1-275, 25-275, 50-275, 75-273, 100-275. 125-275,
150-275, 175-275, 200-275, 225-275, 250-275, 1-250, 23-250, 50-250,
75-250, 100-250, 125-250, 150-250, 175-250, 200-250, 225-250, 1-225,
25-225, 50-225, 15-225, 100-225, 125-225, 150-225, 175-223, 200-225,
1-200, 25-200, 50-200, 75-200, 100-200, 125-200, 150-200, 175-200, 1-175,
25-175, 50-175, 75-175, 100-175, 125-175, 150-175, 1-150, 25-150, 50-130,
75-150, 100-150, 125-150, 1-125, 25.125, 50-125, 75-125, 100-125, 1-100,
25-100, 50-100, 75-100, 1-75, 25-75, 50-75, 1-50, 25-30, and 1-25 of SEQ
D NO:1B,

In cermip additional preferred embodiments, pelynucleotide of the
invention comprise, or altemnatively, consist of nuclestide residues 400-627,
425-627, 450-627, 475-627. 500-627, 525-627, 550-627. 575-627, 600-627,
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40D-600, 425-600, 450-600, 475-600, S00-600, 525-600, 550-600, 575-600,
400-575, 425-575, 450-575, 475-575, 500-575, 525-575, 550-575, 400-550,
425-550, 450-350, 475-350, 500-5350, 525-550, 400-504, 425-500, 4568-500,
475-500, 400-475, 425-475, 450475, 400-450, 425-450, 571-800, 600-800,
625-800, 650-800, §75-800, 700-800, 725-800, 750-800, 775-800, 571-175,
600-775, 625-T73, 850-773, 675-775, F0O-775, T43-773, T50-773, 571-730,
600-750, 625-750, 650-750, 675-750, 700-750, 725-750, 571-725, 600-723,
625-725, 650-725, 675-125, 700-723, 571-700, 600-700, 625-700, 650-700,
§75-700, 571-675, 600-675, 625-675, 650-675, 571-650, 600-630, 625-630,
571-625, 600-625, and/or 571-600 of SEQ ID NO:1.

In additional preferred embodiments, polynucieatide of the invention
comprise, or altematively, consist of nudeotide residues 147-500, 147-450,
147-400, 147-350, 200-500, 200-450, 200400, 200-350, 250-300, 250-450,
250-400, 250-350, 300-300, 300450, 300-400, 300-350, 350-750, 350-700,
350-650, 350-600, 350-550, 400-750, 400-700, 400-650, 400-600, 400-550,
425750, 425-700, 425-650, 425-600, 425-550, 450-1020, 450-1001,
450-950, 450-900, 450-850, 450-800, 450-775, 500-1001, 500-950, 500-900,
500-850, S00-B0Q, 500-775, 550-1001, 550-950, 550-900, 550-850, 550-800,
550-775, 600-1001, 600-950, 600-900, 600-850, 600-80G, 600-775,
650-1001, 650-950, 650-900, 650-B50, 650-800, 650-775, 700-1001,
700-950, 700-900, 700-850, T00-800, T00-775, B25-1082, 850-1082,
§75-1082, 900-1082. 925-1082, 950-1082, 975-1082, 1000-)082,
1025-1082, andfor 10501082 of SEQ ID NO:1,

In edditonal specific embodiments, the palynucleotide fragments of the
invention encede a polypeptide comprising, or altematively, consisting of the
predicied ingacellular dorruin {amino acids 1 to 46 of SEQ ID NO2), the
predicted transmembrape domain (amino acids 47 to 72 of SEQ ID NO:2), the
predicted exmaceliular domain (amino acids 73 to 285 of SEQ ID NO:Z), or the
predicted TNF g:onservcd domain {amino actds 191 to 284 of SEQ ID NO:2) of
Nevtrokine-o. ln additional embodiments, the polynucleotide fragments of the
invention encode a polypeplide comprising, or altematively, consisting of any
combination of I, 2, 3, or all 4 of the above recited domains.

In additional specific embodiments, the polynucleolide fragmeats of the
invention encode a polypeptide comprising, or alismatively, consisting of the
predicied mmacellular domain {amine acids 1 to 46 of SEQ ID NO:19), the
predicted transmembrane dotmain (amino acids 47 10 72 of SEQ ID NO:19), the
predicted extraceflular domain (amino acids 73 to 266 of SEQ 1D NO:19), or the
prediced TNF conserved domain (amine acids 172 10 265 of SEQ ID NO:19)
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of Nentrokine-t. In additional embodiments, the polynuciestide fragments of

the invention encode a polypeplide comprising, or aliematively, consisting of
any combination of 1, 2, 3, or o} 4 of the above recited domains.

Preferably, the polynucleotide fragments of the mvendon eacede a
palypeplide which demonstrales a Neuwokine-ot and/or Neutrokine-oSY
fupctional activity, By a polypeplide demonstrating “functional activity™ is
meani, a polypeptide capable of displaying one or mare known functional

activities associated with a full-length andfor secreted Neutrokine-ot polypeptice

and/or Neutrokine-aSV polypeptide. Such functional activities include, but are
not limited to, biclogical activity {e.g., ability 1o stimulate B cell prolifesation,
differentintion, andfor activation), antigenicity [ability 1o bind (or compete witha

Neutrokine-a andfor Neutrokine-nSV polypeptide for binding) to an anti-
Neutrokine-a zndfor anti-Nevtrokine-SV antibody), imumunogenicity (ability
to generate antibody which binds to a Neutrokine-at andfor Nevtrokine-aSV
polypeplide), ability to form rultimers with Newtrokine-tr andfor Netrokine-
SV palypeplides of the invention, and abilily to bind to a receptor or ligand for

a Neomokine¢ and/or Neuwtrokine-a:SV  polypeplide (e.g.. DRS (See,
Intemnational Publication No. WO 5R/41629), TR10 (See. Intemational
Publication No. WO 98754202}, 312C2 {See, International Publication No. WO
98/06842), and TRLE, TR11SVY, and TR115V2 {See, U.S. Application Serial
No, 09/176,2600).

The functonal activity of Neuwokine-at andfor Newtrokine-o5V

polypeptides, and fragments, vanians derivatives, and analogs thereof, can be
assayed by varous methods.
For example, in one embodimen; where one is assaying for the ability 1o

bind or compete with fulllength Newuokine-a andfor Neuirokinz-aSY

polypeptide for binding to anti- Neutrokine-t andfor and-Neuwokine-SV

antibody, various immunsassays known in the ant can be used, including but
not limited to, competitive and non-competitive assay systems vsing technigues
sach as radioimmunoassays, ELISA {eazyms linked immuncsorbenl assay),
*sandwich" immunoassays, imunoradiomeric  assays, gl diffusion
precipitaion reactions, immunodiffusion assays, in sifu immunoassays (using
colloidal gold, enzyme or radioisolope labels, for example), western blots,
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precipitation reactions, apglutination assays {e.g.. gel apglutinalion assays,
hemagglutination assays), complement fixation assays, immunofluorescence
assays, protein A assays, and immunoelectrophoresis assays, ete. In one
cmbodiment, antibody binding is detecled by detecting 2 label on (he primary
antibody. In another embodiment, the primary antibody is detected by detecting
binding of a secondary aniibody or reagent to the primary antihody. Tn 2 further
embodiment, the secondary antibody is labelfed. Many means are known in the
art for detecting hinding in an immuncassay and are within the scope of the
present invention.

In another embodiment, where a Nentrokine-a and/or Nestzokine-oSV

ligand is idemtified (e.g, DRS (See, Imemational Publicaion Neo. WO
9B/41629), TRIQ (See, Imcmational Publicaion No. WQ 98/54202), 312C2
(See, Intemnational Publication No. WO 98/06842), znd TR11, TRI15VI, and
TR1iSV2 (Ses, U.S. Application Serial No. 09/176,2000), or the ability of a
polypeptide fragment, variant or derivative of the inventon to mullimerize is
being evalnated, binding can be assayed, e.g., by means well-known in the art,
such as, for example, reducing and non-reducting ge! chromotography, protein
affinity chromatography, and affinity blotting. Ses generally, Phizicky, E., =
al,, 1995, Microbiol. Rev. 539:94-123. In another embodiment, physiological
comelaies of Neutrokine-¢ andfor Neutrokine-xSV binding 1o its substrates
(signal ransduction) can be assayed.

In addition, assays described heredn (see, at least, Example &) and
otherwise konown in the art raay routizely be applied to measure the ability of

Neutrokine-a and/or Nevtrokine-aSVY polypeptides and fragments, varants

derivatives and analogs thereof to elicit Neverokine-o and/or Neutrokine-aSV

related biolegical activity (e.g., to stimulate, or alematively to inhibit (in the
case of Neniroking-a and/or Neuuokine-sSY antagonists) B cell profiferation,
differentiation and/or activation in vitro or in vivo),

Cther methods will be known to the skilled anisan and are within the
scope of the invention,

I additienal embodiments, the polynucleotides of the invention encode
fonctional aributes of Newwokine- and Neutrokine-sSV.  Preferred
embodiments of the Invention in this regard include fragments that comprse
alpha-helix and alpha-helix forming regions ("alpha-regions®), beta-shest and
beta-sheet forming regions ("beta-regions”™), wm and wmn-forming repious

" {"mm-regions”), cofl and coil-forming regions (“coilsegions™). hydrophilic

regions, hydrophobic regions, alpha amphipathic regions, beta amphipathic
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regions, flexible regions, surface-forming regions and high antigenis index
regions of Neutrokine-a and Neuwtrokine-aSY polypsptides.
It is believed one or more of the beta pleated shest regions of

Neurrokine-x disclosed in Figure 7A is important for dimerization and also for

interactions belween Meuwokine-a and ii5 ligands (e.g., Neutrokine-z

polypeptides, and DRS (See, Imemational Publicaion No. WO 98/4162%),
TRIO (See, International Publication No. WO 98/54202), 312C2 (See,
International Publication No. WO 98/06842), and TRI!, TRIISVI, and
TRI1SVZ (See, U.S. Application Serial No. 0%/176,200)).  Accordingly,
specific embodiments of the invention are directed to polynucieotides encoding
polypeptides which comprise, or alternatively consist of, the amino acid
sequence of beta ploated sheet region A, A', B, B', C, D,E, F, G, v H
disclosed in Figure 7A and deseribed in Example 6. Additional embodiments of
the invention are directed to polynucleotides encoding Neuwokine-o

polypeptides which comprise, or alternatively consist of, any combination of 1,
2,3.4,5 6,7, 8, 9orazll 10 of beta pleated sheet regions A-H disclosed in
Figure 74 and described in Example 6. Additional preferred embodiments of
the invention are direcied io polypeptides which comprise, or aliernatively
consist of, the Neutrokine-tt amino acid sequence of beta plealed sheet region
A A", B, B, C, D EF G, or H disclosed in Figure 7A and described in
Example 6. Additionad embodiments of the invention are directed Neutrokine-o

polypeptides which comprise, or alternatively consist of, any combination of J,
2.3,4,5.6. 7, 8 9 orall 10 of beta pleated sheet regions A-H disclosed in °
Figure 7A and deseribed in Example 6.

Certain preferred regions in this regard are sel out in Figure 3 (Table 1).
The data presenied in Figare 3 and that presented in Table I, merely present a
different format of the same resolts oblained when the amino aeid sequence of
SEQ ID NO:2 is analyzed using the default parameters of the DNA'STAR
computer algorithm, '

The above-mentioned preferred regions set out iu Figure 3 and in Table 1
include, but are not limited to, regions of the aforementioned typss identified by
analysis of the amino acid sequence set out in Figures 1A and 18. As set out in
Figure 3 and in Table ), such preferred regions include Gamier-Robson
alpha-regions, betz-regions, wra-regions, and coil-regions, Chou-Fasman
alpha-regions, beta-regions, and coil-regions, Kyte-Doolittle  hydrophilic
regions and hydrophobic regions, Eisenberg alpha- and beta-amphipathic
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regions, Karplus-Schalz fexible regions, Emini surface-forming regions and
Tameson-Wolf regions of high antigenic index. Among highly preferred
polynucleotides in this regand are those that encode polypeptides comprising
regions of Nevtrokine-a and/or Neutrokine-a5V that combine several structural
features, sach as several {e.g., 1,2, 3, or 4) of the [eatures set out above,

Additionally, the dats presentcd in colomns VHI, B, X210, and 3OV of
Tabie | can routinely be used lo determine regions of Neutrokine-a which exhibit
a high degree of potential for antigenicity. Regions of high antigenicity are
determined from the data presented in columms VI, IX, XIlI, andfor IV by
choosing values which represent tegions of the polypeptids which are likely 1o
be exposed on the surface of the polypeptide in an environment in which antigen
recognition may occur in the process of iniiarion of an immune response. The
data presented in Figure 6 can also rontinely be presented in 2 similar tabular
formas by sirnply examining the amino acid sequence disclosed in Figure 6
{(SEQ ID NO:19) using the modules and aigorithms of the DNA*STAR set on
default paramewers. As above, the aming asid sequence presented in Figure 6
can also be used to determine segions of Neutroline-a which exhibit a high
depree of potential for antigenicity whether presented as a Figure {as in Figure
6) or atable {25 in Table 1).
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Res Position
Met 1
Asp 2
Aip 3
Sar 4
Thr 5
Giu [
hrg 7
Gl 8
Gln ]
Ser 11
Arg 1
Leu 12
Thr 13
Ser 14
Cys 15
Lea 16
Lys 17
Lys 1B
Arg 9
Glo 0
Clu 11
Met 22
Lys 23
Lo 24
Lys 25
Gy b1}
Cys 27
Val 28
Ser 29
lie 3D
Leu 34
Pro 32
A 13
Lys 3%
Gty 35
Ser k1
Pro 37
Ser 3B
Val 39
Arg 48
Ser at
Ser 42
Lys 43
Asp 44
Gly 45
Lys 46
Ly 47
L 48
Als 48
Ala 50
P 5
lm 52
L 53
Lew 54
Ala 55
Len 56
Lo 57
Sar 58
Cys 59
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Table 1

Vi

N

EEEE

e e e I

o

vl v

a0

0.73
1.12
1.62
.01
%.40
2,70
2.8
2.00
199
.00
£33
0.4l
0.45
0.50
0.%1
0.80
H:H
b.32
E.67
1.52
2.38
.3
1.52
D.66
0.36
-0.53
-0.74
-1.00
-0.0%
-0.08
~0.03
n.29
0.93
0.93
0.97
[.8%
1.8
1.39
£.39
£.39
1.34
1.60
1.09
1.13
0,43
0.4
0.13
-0.72
-1.53
-2.0C
-1.63
~2.63
-2.53
-2.34
-2.42
-2.78
-2.78
-2.28
S2.32

14

~0,7%
-0.66
.09
-1.51
-2.13
-Ln
-1.34
-1.73
-1.33
-1.04
.66
0,09
0.20
0.9
.19
-0.87
-1.26
-1.74
-1.70
~2.39
-170
-1.70
-5.70
-1a3
049
<073
-0.03
-0.03
2.48
0.48
-0.17
B:R:4]
-8y
~1.07
-1.37
-1.16
<1.16
-0.77
-33%
By
-1.20
-1.16
-1.80
-1.11
-0.81
~0.70
-3.20
o.29
0.54
1.23
1,23
t.0g
123
1.4}
)]
1.20
1.0%
1.09
1.07

X

LN 2NN TN R I I I A

.

X X3 Xn

L TS S B I

= v e % ® v oa

TR A R ]

LI I T S

bt Bt Bt B2 B B2 B B 2 B £ B

mTmTTITTTTIETM M T M

MM TR T E T Y

0.95
EES
[ 3]
.15
§.30
0.85
0.90
0.90
0.50
0.50
0.50
0.4%
-0.0F
.30
0,30
0.90
Q.90
0.5%0
0.90
.00
£.90
0.50
0.50
0.75
D.45
0.60
6.30
0.30
-030
-0.30
0.45
110
1.50
1.88
1.98
2.52
2.86
3.40
2.36
2.46
1.48
3.06
3.06
3.40
2.66
£77
.98
6.04
-0.60
-D.60
-0.60
-0.40
-0.40
«.60
-0.60
-0.60
-0.20
-0.20
-h20

1.19
1.56
212
4.19
435
4.51
4.51
6.12
2.9%
2.15
.66
0.5t
0.32
0.32

1.06
137
a.44
5.33
5.33
2.20
2,34
2.24
0.69
0.52
0.35
.30
0.12
LR
.40
1.08
1.19
2.66
&.98
4.32
1.64
1,60
£23
1.24
1.60
2.00
.67
172
§.67
£.03
0.52
n.31

D.46
¢.19

619
.19
0.i5
D.0%
014
0.09
B.06
G.a5
0.0
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Res Pasition
Cys &0
Lexx 6t
T 62
Val 63
Val 4
Ser 65
Pae 65
Tyr &7
Gln 68
Vaj 62
Ala 70
Ala H
e 72
Gla 73
Gly 74
Asp 15
it 76
Ala 1
Ser 78
Leu 9
A 80
Ala 81
G B2
Ley 83
Gln B4
Gly BS
His B6
His 87
Al :%:4
Giu B9
Lys 4]
Les -4
Pro B2
Als 43
Gly 54
Ala o5
Gy 96
Ala 97
Po 93
Lys 95
Al 100
Gly 191
Leu 102
G 193
G 104
Ala 185
Pro 106
Al 107
Val 108
The 109
Al 10
Gly 1Mt
L Ti2
Lys 113
13 114
Phe 115
G 116
Pro 117
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Table 1 (continued)

v

Vi

T

T

T

T

T

T

T

T

T
£
c
€

v

-2.5%
~3.08
-1.97
-£.91
<124
«1.43
-L2]
-1.49
-1.64
-0.59
-0.63
0.07

~0.50
-1.09
-0.53
-0.76

-0.28

-0.2}
-0.46
0.01

-0.80
-0.76
~1.06
-4.54
-0.96
-0.31
-0.2)
-0.2}
-0.08
0.3%

0.34

X

1.03

0.99

499

1.20
£30
E.1D
£.26
(A3

0.97
i.27
0.89%
0.3
Q.16
0.0
0.20
0.09
Doz
-0.H

-0.24
-0.24
-0.34
-0.30
-0.49
4.1

0.4

L X3

-0.57
-0.39
-B.38
-0.39
-0.45
-0.46
-0.83
0.47

Tram

~0.21
-0.3}
-0.21
-0.03
-0.46
-0.06
-G.89
-1hd6
-3.48
.24
-3.44
0.08

D2y

0.67

0.43
0.57
0.0%
0.01
¢.01
-0.17
0.26
-0.00

X

LI I T I

.

X

LI N R

LI A

I I R S

xar X

~0.20
-0.60
-0.60
~L&0
-0.60
-0.60
-0.60
-0.60
-0.60
.60
-9.60

025
0.25
.25
015
&.30
030
0.30
&340
¢.30
0.45
0.30
-0l
-0.30
-0.15
0.75
0.45
0.45

mmT

0.85
8.70
Q.70
-i.20
IR
0.65
0.65
0.65
0.45
060

075
0.45
B.45
£.30
0.30
030
-0.60
- 60
2.3
060
-D.60
030
-0.30
. 0.5
F L2125
E L8
Fo20

b s B M B2 < B B < B

hid)

0.08
0.04
0.1l
0.17
0.33
0.40
0,40
0.54
0.4}
0.39
.43
0.25
.55
045
.45
.73
035
0.6%
0.42
(.88
p.712
0.93
1.5}
0.717
1.04
0.61

1.47
.22
1.32
1.03
1.0%
D.59
0.2%
0.36
0.6
4.7}

0.71
0.5%
1.0t
1.13
p.57
b.88
0.89
0.8t
0.67
0.39
0.38
0.20
0.40
0.38
0.23
0.3%
0.61
i3
0.58
1.28
1.47
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Res Position
Ala -1
Fio 110
Gly 121
Gin 122
Gly 123
Asn 124
Ser 125
Scr 126
Gln 127
Asn 128
Ser §1%
AsE 130
Asn 131
Lys 132
arg 133
Ala 134
Val 135
Gin 116
Gly £37
P 138
Giu 139
Giv 140D
The 141
val 182
Thr 143
Oin 144
Asp 15
Cys 146
L 147
Gln a8
iry 49
1= P50
Ala 13
Asp 152
Ser i53
Gl 154
‘The 155
Bro 156
The 157
Jle 158
Gin 159
Lys 160
Gly 161
Ser 162
Tyr 163
T 164
Phe 165
Vil 166
Pro 167
Trp 168
Ly 169
Len 170
Ser 171
Phe 172
Lys 173
Arg 174
Gly 175
Ser 178
Ala 177
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Table I {continued)

Y

-t

-

[ P

oo ) ] ]

L

wf ved = g

e

o ng

e

S

Vil

(s Ke

NN

anoane

e

anon”

vm

0.89
1.3%
1.2%
1.20
1.41
100
HES |
.37
L3
276
2.87
2.58
.02
202
1,68
1.77
1.66
1.66
1.30
B33
6,61
}.47
§.47
1,14
8.5¢
0.54
0.27
0.4
-0.58
027
-0.57
-0.57
-0.21
£.19
0.08
-3.00
0.89
1.52
i1z
1.18
9.93
0.93
0.44
-0.10
0.58
.29
-0.57
-1.03
-1.03
-1.59
-1.13
-0.32
419
0.10
-0.20
-0.20
0.5%
LR
1.66

X

-0.79
-0.36
-0.3%
043
-0.54
-0,37
-0.6%
-0.21
.64
064
-1.83
-1.41
-3}
-1.07
<106
-0.63
-0.60
~3.60
160
Fix 3]
«0.61
-0.53
.56
-0.89
-0.41
0.27
0.1%
0.23
0.43

0.53

0.53
034

-0.34
-0.26
-0.51
4.7
-0.53
-5.43
050
-0.09
-0.19
0.14

014

0.24

0.4y

[iX:3]

1.40

1.70
163

1.53

.53

0.89

0.4¢

-0.03
-0.33
051
-0.21
-1.00
-1.08

X
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xn

o
125
215
2.60
i.60
1.50
1.50
1.54
2.18
.32
2.86
3.a0
3.06
.n
18

1.49
1.83
2.52
2.B6
3.44
1.66
.12
1.78
1.1%
.25
.25
A%
-0.60
-0.60
-0.30
0.30
F.40
.45
3.00
2,70
2.50
.58
.92
i.02
2.04
1.60
1.44
1.28
4.12
-D.44
-0.60
-0.60
-0.60
-0.60
-1.60
-39
0.20
1.50
2.60
3.00
.25
2.0%
1.35

1.47
0.92
0.98
1.30
132
1.97
1.82
.47
3.0t
3.6}
5.39
6.09
3.83
242
1.88
1.15
0.89
0.79
1.35
2.63
1.13
1.64
1.B4
1.77
.55
4,31
0.73
.42
0.7
0.ip
0.32
0.52
0.52
0.95
.00
2,86
1.20
1.55
1.7%
1.23
1.eT
.16
2.38
1854
044
0.6%
0.54
0.19
0.16
0.2%
0.29
038
on
0.85
1.38
1.04
0.99
0.86
Q.76
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Res Position
Lew E78
Glu 179
Gl 18D
Lys 1131
Qu 182
Asn 183
Lys 184
e 185
Ly i%6
Val HY
Lys 188
Gl 539
Thr 150
Gly 13
v 152
Phe 163
Phe 1%e
lie 195
Ty 196
Glv 197
Gin 1948
Vi 199
Lo 2D
Ty 201
Thr 02
Asp 203
Lys 20z
Thr 205
Tyr 206
Ata 07
Met 208
Gly 209
Hi 210
im arl
H 2012
Cin 213
Arg 214
Lys 215
Eys 216
Val 217
His 2t4
Vil P38
Phe 220
Gly 21
Asp 222
Ghu 223
L 224
3z 225
Len 226
val 27
Thr 228
Lew 229
Phe 230
Ag 231
Cys 232
i 233
Gla 234
Asa 235
Met 236
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Table 1 {continued)

v

) -

o

Cod

VI VD Vil

o

-+

£.61
1.50
1.89
1.30
1.08
1.03

-1.2%
-0.90
-0.20
0.73
0.67

X

~£.00
-1.43
-1.41
-1.91
-1.91

0,59
-0.59
-(1.59
-0.50
-0.07

0.0
0.24
8.53
1.69
1.63
1.60
j.a%
.37
136
L6
0.40
-0.43

.17
-0.01
-0.16
-0.2
0.29
0.97
117
.81
0.3}
-3.30
-0.73
-0.5%
0.7
081
~0.43
-1.00

00
0.04
-0.07
-0.03
-2,17
-0.n
0.57
1.3%
.67
0.86
0.86
0.61
0.53
0.45
018
o.le
0.

X
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1.20
G50
0.9¢

2.90
0.50
0.75
0.60
0.60
0.30
0,45
.40
D80
0.65
D.20
-0.60
-0.60
-0.60
-0.50
-0.20
-0.20
«0.40
-0.10
1.25
0.80
0.89
1.00
B.60
0,45
-0.30
-0.60
-0.60
-D.59
~0.30
D.45
0.7%
0.90
D.90
D.80
0.30
.36
0.30
.30
-0.30
050
0.50
0.30
.30
-0.60
-0.60
-G.60
060
-0.60
-0.60
-0.20
-0.20
0.10
&.05
0.20

1.54
3.98
116
7.66
310
1.48
0.55
0.63
0.68
0.4%
0.59
112
1.54
0.67
0.37
0.29
0.29
032
.28
0,16
0.5%
0.54
052
1.06
1,06
in
2.52
LT3
£.03
0.70
0.40
b.18
o3
0.6
1.22
1.80
1,62
314
1.35
0.60
0.29
0.25
0.57
0.35
0.83
0.60
D45
0.39
018
09
G.28
018
D.i7
D.21
0.41
0.46
0.37
1,1%
2.44
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Table 1 {continued)

Res Positicn 1 il n o wv v Vi owii Vo o X o oxa X

Pro 237 . . . B . . c 047 &01 * F 044 116
Gly 238 . . . . T . . 1.3 H.04 ¢ F 108 1.12
Thr 239 . . . . . . (o 1.3 0DdDs * F 1i2 EB2
L= 240 . . . . . . c 1.06 D17~ F 196 .29
Pro 24} T - 0.5% A2} F 2.40 1.46
Ash 232 T . C.96 035 £ 1.4t .54
Asn 243 T T .66  D.63 F 1I2 o3
Ser 244 T T 938 033 . F LI 0.89
Cys 245 T T UBR4 Q4D . . ., D14 0.56
Tyr 246 R T T 017 043 . . D20 03s
Sor 247 A . 042 0,71 ., . . 040 053
Ala 248 A A 0,38 D83, . .- 034
Gly 24% A A -0.8% 026 . R {2 11 B -
e 250 A A 022 019 -, . 030 8.27
Alz 251 A A p.02 .00 * . . 0.0 D46
Lys 252 A A -0.02 070 . . . D60 08D
Leu 253 A A 0,57 -0.70 F 0.90 1.13
Ghs 54 A A .51 -}.39 F 098 1.87
Glu 255 A A Q.59 -1.89 . ¥ o030 162
Gly 156 A A 1.58  .L20 . F 030 1.62
ASp 257 A A 0.72 -1.4% N F 0.9 1.62
Gh 258 A A ty4 -DEO *» F o015 077
Len 139 A A gos 030+ 0.30 8.79
Gin 260 A A -hie -0D4 - 0.3¢0 0.33
2.1} 261 A A o3 639 = <030 0.30
Ala 262 A A 0ip 039 o+ L300 0T
Ite 263 A A . 036 030 . .03 070
Pro 264 A T 052 -0.3D . F 1LD0D 137
Arg 265 A T 0.52  -0s4% ' F .00 137
Glu 266 A T D44 -0.SF 4 ¢ F ORI 138
Asn 267 A T 073 455 * F 138 1.53
Aln 168 A 0.81 -6y = ¢ nes 1o
Gln 168 A o 006 0+t S350 0.50
He 210 A . . . . . . 0.57 0.6 . 0.5 0.5z
Ser b3d] . . . . . . [ 6.57 D09 . . 060 0.5t
Lo 73 . . . . . . C iy Qi + F L& g.4%
Asp 13 N . . . T T . 000 07 * F 25 0.52
Gly 274 T T 0.7 -0.37 b F 250 0.56
Asp 275 . T T Q.52 0.02 * F o163 0.3%
Val ral] A . T . -0.57 0.3 . FL80 0.38
Thr m A B . -0.34 D56 - 10 030
Pie 278 A B -6 0.63 . -0.35  0.1B
Phe prd) A - B -0.7T 131 . L6 0.20
Gly 280 A A -1.58 .67 . .0.60  0.28
Alz 281 A A -.53 o8y ., * . -b60 027
imy 282 A A 1.6t 077 0+ . . -0.80 028
Lys 283 A A -1.36 041 0+ . . -DE0 033
L 284 A A 0.99 041 . . . -DeD D42
Lew 285 A A P I 7 7 S RN . 03D 0.65
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Additional preferred oucleic acid fragments of the present invention
include nucleic acid molecules encoding one or more epitope-bearing portions of
Newyokine-.  In panicular, such nucleic acid fragments of the present
invention included nucleic acid molecules encoding: a polypeptide comprising
amino acid residves from about Phe-115 to about Len-147, from about Be-150
10 abowt Tyr-163, from about Ser-171 10 ebowt Pha-194, from shour Gly 22 19
about Tyr-247, and from about Ser-271 1o about Phe-278, of the amino acid
sequence of SEQ TD NO:2. Polypeptide fragments which bear antipenic

epitopes of the Neutrckine- may be easily determined by one of skill in the an

using the above-described analysis of the Jameson-Wolf antigenic index, as
shown in Figure 3. Methods for deternining ather such epitope-bearing

portions of Neuwokine o are described in detail below.

Additiona} prefemed nucleic acid fragments of the present invention
include nucleic acid molecules encoding one or more epitope-bearing portions of
Neutrokine aSV. In particular, such nucleic acid fragments of the present
invention include nucleic acid molecules encoding:  a pelypeplide comprising
amino acid residues from about Pro-32 10 about Leo-47, from about Glu-116 to
about Ser-143, from about Phe-153 10 about Tyr-173, from about Pro-218
about Tyr-227, from about Ser-252 to about Thr-258, from about Ala-232 in
about Glo-241; from about De-244 to about Al2-249; and from zbout Ser-252 o
about Val-257, of the amino acid 'sequenrz of SEQ ID NO:15. Polypeptide
fragments which bear antigenic epitopes of the Nenmokine-ot may be easily
determined by one of skill in the art using the above-described analysis of the
Iameson-Wolf antigenic index. Methods for determining other such epitope-
bearing portions of Neutrokine-oSV are described in detail below.

In specific embodiments, te polynuclectides of the invention are less
than 100000 kb, 50000 kb, 16000 kb, 1000 kb, 500 kb, 400 kb, 350 kb, 300
kb, 250 kb, 200 kb, 175 kb, 150 kb, 125 kb, 100 kb, 75 kb, 50 kb, 40 kb, 30
kb. 25 kb, 200 kb, 15 kb, 10 kb, 7.5 kb, or 5 kb in Jength,

In further embodiments, polynucleotides of the ivention eomprise
least 15, at Jeast 30, at least 50, at least 108, or at Jeast 250, at deast 500, or a
Jeast 1000 contiguous nucleotides of Neutrokine-tr coding sequence, but consist
of less than or equal to 1000 kb, 500 kb, 250 kb, 200 kb, 150 kb, 100 kb, 75
kb, 50 kb, 30 kb, 25 kb, 20 kb, 15 kb, 10 kb, or 5 kb of genomic DNA tha
flanks the 5' or 3’ coding nucleotide set forth in Figures 1A and 1B (SEQ ID
NO:1) or Figures 5A and 5B (SEQ ID NO:18). In further embodiments,
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polynucleotides of the invention comprisc at least 15, at least 30, at least 50, at
least 100, or at least 250, at Izast SO0, or ot least 1000 contiguaus nucleotides of

Neutrokine-a coding sequence, but do not comprise all or a portion of any
Newtroking-o intron. In another embodiment, the nucleic acid comprsing
Neutrokine-x coding sequence does nol contain coding sequences of a gepomic

flanking gene {ic., § o 3’ to the Nevtrokine-xx gene in the genome). In other

embodiments, the polypucleotides of the invention do nol contain the coding
sequence of more than 1000, 500, 250, 109, 50, 25,20, 15, 10, 5,4, 3, 2, or
| genomic flanking gens(s).

In another embodiment, the invention provides an isolated nucleic acid
molecule comprsing a polymuclentide which hybridizes under siringent
hybridization conditions to a portion of the polynuclsotide in a nucleic acid
mojecule of the invemtion described above, for instance, the seguence
complementary to the coding and/or noncoding sequence depicied in Figures 1A
and 1B (SEQ ID NO:1), the sequence of the ¢DNA clone contained in the
deposit having ATCC accession no. 97768, the sequence compicmentary 1o the
coding sequence and/or noncoding sequence depicted in Figures 5A and 5B
(SEQ ID NO:1B), the sequence of the cDNA clone contained in the deposit
having ATCC aceession no. 203518, or fragments of these sequences, as
described herein. By "stringent hybridizatian conditions™ is intended overnight
incubation at 42°C in a solution comprising: 50% formarmide, 5x S5C (750 mM
NaCl, 75 mM wmisodiwm citrate), 50 mM sodivm phosphate (pH 7.6), 5x
Denhardt’s solution, 10% dextran sulfete, and 20 pg/ml denatured, sheared
salmon sperm DNA, foliowed by washing the fiJiers in 0.1x 88C al about
65°C.

By & polypucleotide which hybridizes o 2 "poniion” of a polynucieotide
1s intended a polynucleotide {either DNA or RNA) hybridizing to at Jeast about
15 aucieotides (nt), and smore prefersbly at least abowt 20 nt, sill mor
preferably at Jeast about 30 nt, and even more preferably abows 30-70 (e.p., 40,
50, or 60} nucleotides, and even more preferably about any integer in the range
of 30-70 or 80-130 nucleotidss, or the entire length of the miErence
polynnclectide.  These have uses, which include, bal are not limited 1o,
diagnostic probes and primers a5 discussed above and in more detail below. By
a porton of a polynucleotide of “at least about 20 nt in length,” for example, is
intended 1o include the particularly recited ranges, larger or smaller by several
(i.e.5,4,3,2 1, or 0) amino acids, ot either extreme or al both extremes of the
nocicotide sequence of the reference polynucleetide {e.g., the sequence of one
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or both of the deposited cDNAs, the complementary sirand of the nucleotids
seguence shown io Figures 1A and 1B {SEQ ID NO:1), or the complementary
strand of the nucleotide sequence shown in Figures 5A and 5B (SEQ
NO:18)).  Of course, a polynucleotide which hybridizes only 10 2 pely A
sequence {such as the 3 terminal poiy{A) wect of the Neutrokine-a cDNA
shows in Figuses 1A and 1B {(SEQ ID X0:1) or the 3‘ ternnnal poly{Aj tact of
the Newtrokine-aSV cDNA shown in Figures SA and 5B (SEQ ID NO:18)}, or
to a complementary stretch of T {or U) residues, would not be included in a
polynucleotide of the invention used to hybridize to a portion of a nucleic acid of
the invention, since such a polynucleotide wonld hybridize to any nucleic acid
molecule containing a poly (A) steich or the complement thereof (e.g.,
prectically any double-stranded cDINA clone generated using oligo dT as a
primer).

As indicared, nucleic acid molecules of the presemt invention which
encode 2 Newwokine-a polypeptide or a Neotrokine-aSV polypeptide may
include, but are not limited o, polynucleotides encoding the amino acid
sequence of the respective extracellular domains of the polypeptides, by
themselves; and the coding sequence for the extracellular domains of the
respective polypeptides and additional sequences, such as thoss encoding the
intracellular and ransmembrane domain sequences, or a pre~, of pro- or prepro-
pretein sequence; the coding sequence of the respective extmeellular domains of
the polypeptides, with or without the aforementioned additiondl coding
sequences.

Also encoded by nucleic acids of the inveation are the above protie
sequences together with additional, non-coding seguences, including for

example, bul not fimited to, introns and non-coding 5 and 3 seqoences, such
as the transcribed, non-ranslated sequences that play a role in wanscription,
mRNA processing, including splicing and polyadenylation sigrals, for
example, ribosome binding and stzbility of mRNA; an addivonal coding
sequence which codes for additional amino acids, such as those which provide
additional functionalities.

Thus, the sequencz encoding the polypeptide may be fused 1o a marker
segoence, such as a sequence encoding 2 peptide which facifitates purification of
the fused polypeptide. In cenain preferred embodiments of this embodinent of
the invention, the marker amino acid sequence is & bexa-histidine peptide, such
2 the lag provided in a pQE vector (QIAGEN, Inc, 9259 Eon Avenue,
Chaisworth, CA, 21311), among others, many of which are commercially
available. As described in Gentz et al, Proc. Natl Acad. Sci, USA B6:821-824
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(1589), for instance, hexa-histidine provides for conveniem purification of the
fusion protein. The "HA" 1ag is anotber peptide usefil for purification which
corresponds to an epitope derived from the influenza hemagglulinin profein,
which has bzen deseribed by Wilsan et al., Celf 37: 767 (1984). As discussed
below, other such fusion proteins include the Newtrokine-a or the
Neuwokine-aSV polypeptides fused to Fc at the N- or C-terminus.

The present invention funther selaes to variants of the nucleic acd
molecules of the present inmvention, which encode portions, analogs or
dedvatives of the Neotrokine-a or Neotrokine-aSV polypeptides of SEQ D
NO:2. Variants may occur naturally, such as a nawral allelic variant. By an
“aHefic varfant” is intended ooe of scveral alternate forms of a gene occupying 2
given locus on 2 chromosome of an organism. Genes [I, Lewin, B., ed., John
Wiley & Sons, New York (1935). Non-naturally occuming vatianls may be
produced using aft-known mutagenssis ischniques,

Such varants jnclude those produced by nucleotide substinnions,
deletions or additions, The substitations, deletions or additions may invobve
one or more nucleotides. The varians may be altered in coding regioas,
non-coding regions, or both.  Aliemtions in the coding regions may produce
conservalive or non-cpnservalive amino acid substitutions, deletions or
additions. Especiaily preferred among these are silent substirutions, ndditions
and deletions, which do not aller the propetties and activities of 1he Neutrokine-»
and/or Neutrokine-iSV polypeptides or poriions thercof.  Also especially
preferred in this regard are conservalive substiturions.

Additional embodiments of the invention are directed to isolaed nucleic
acid molecules comprising a.polynuclcotide which encodss the amino agd
sequence of a Neutokine-a and/or Neutrokine-sSV polypepide (e.g., 2
Neutrokine-a andfor Neutrokine-sSV polypsptide fragment described berein)
having an amino acid sequence which contains a jeas! one conservative amino
acid substimtion, but not more than 50 conservative amino acid substitutions,
even more preferably, not more than 40 conservative amino acid substintions,
still more preferably, nol more than 30 conservative amino acid substimtions,
and still even more preferably, not more thap 20 conservalive amino acid
substirutions, 10-20 conservative amino acid substitutions, 5-10 conservative
amino acid substitutions, 1-5 conservalive amino acid substitutions, 3-5
conservalive amino acid substitutions, or 1-3 consmvalive amino add
substitutions. Of course, in order of ever-increesing preference, it is highly
preferable for 2 polymucleotide which encodes the amino acid sequence of 2
Neuokine-a andfor Neutwrokine-s5V polypeptide to bhave an amino acid
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sequence which contzins nol more than 10, 9. 8, 7, 6, 5, 4, 3, Z or |
conservalive aminp acid substinations,

Most highly preferred are nucleic acid molecules encoding the
exgacellular domain of the protein having the aming acid sequence shown in
Figares 1A and 1B (SEQ ID NO:2) or the exiracellular domain of the
Neutrokine-a amint acid sequence encoded by the <DNA clune contained in the
deposit having ATCC accession number 57768, Further embodiments include
an isolated nucleic acid molecwle comprising a polynucleotide baving a
nucleotide sequence at Jeast $0% identical, and more preferably 2t feast 95%,
96%, 97%, 98% or 9% identical 1o a pelynucleotide selected from the group
consisting of: (2) a pucleotide sequence encoding the Neutrokine-a polypeptide
having the complete amino acid sequence in Figures {A and 1B (i.e., positions
1w 285 of SEQ ID NO:2); (b) a npucleotide sequence encoding the
Neutrokine-a polypeptide having the compiete amine acid sequence in SEQ ID
NO:2 excepting the N-terminal methionine (i.e., positions 2 to 285 of SEQ ID
NO:2), (c) afragment of the polypeptide of (b} having Neustrokine-a funciional
activity (c.g., antigenic or biological aciivity); {d) = nucleotide seéu:ncc
encoding the predicted extracellular domain of the Neutrokine-a polypeptide
having the amino acid sequence al positions 73-285 in Figures 1A and 1B (SEQ
> NC:2), {(e) a nucleotide sequence encoding the Neutrokine-s polypeptide
having the corplete amino acid sequonce encoded by the eDNA clone contained
in the depesit having ATCC accession number 97768; (f) a nucleotide sequence
encoding the extracellular domain of the Neutrokine-a polypeptide having the

- amino acid sequence encoded by the ¢cDNA contained in the deposit having

ATCC accession nusnber 97768; and (g) a nucleotide seguence complementary
to any of the nucleotide sequences in (a), (&), {c), (d), {¢), (D), or {g) above.

A forther embodiment of the invention relates 1o an isolated nucleie acid
molecule comprising a polynuclectide which encodes the amino acid sequence
of a Neutrokine-a polypeptide having an amipo acid sequence which contains a
least one comservative arming acid substitution, but not more than 50
conservative amino acid substitutions, even more preferably, not more than 40
conservative amine zoid substitutions, still mors preferably not more than 30
conservative amino acid substitutions, and sl even more preferably not more
than 20 conservative amino acid substiutions, OF course, in order of
ever-increasing preference, it is highly preferable for a polynucleatide which
encedes the amino acid sequance of a Neutrokine-s polypepdde to have an
amine acid sequence which contains not more than 7-10, 5-10, 3-7, 3.5, 2-5,
1-5.1-3,10. 9,8, 7.6, 5,4, 3, 2 or | conservative amino acid substitutions.
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Also most highly preferred are nueleje acid molecules encoding the
exiraceliular domain of the protein baving the amino acid sequence shown i
Figues SA and 5B (SEQ ID NO:i9) or the extracelhdar domain of the
Neutokine-sSY amine acid sequence encoded by the cDNA clone comained in
the deposit having ATCC accession oumber 203518.  Further embodiments
inclnde ap isolated nucleic acid molecule comprising a polynuclzotide having a
nucleotide sequence at least 90% identical, and more preferably at Jeast 35%,
96%, 97%, 98% or 9% identical 1o 2 polynucleotide selected from the group
consisting of: {a) a nucleotide sequence cncoding the Nzutrokine-a5Y
polypeptide having the complete amino acid sequence in Figures SA and 5B
(i.c., positions 1 to 266 of SEQ ID NO:16}): (b)a nucleotide sequence encoding
the Newtrokine-aSV polypeptide having the complete amino acid sequence in
SEQ D NO:19 excepting the N-terminal methionine {i., positions 2 10 266 of
SEQ ID NO:=2): () a nucleotide sequence encoding the predicied extraceliular
domain of the Neutrokine-aSV polypeptide having the amino acid sequence at
positions 73-285 in Figures 5A and 5B (SEQ I NO:19): (&) a nucleotide
sequence encoding the Nentrokine-28V polypeptide having the compleiz amino
arid sequence encoded by the ¢DNA clone contained in the deposit having
ATCC accession number 203518; {¢) 2 auclcotide scquence cocoding the
extracellutor domain of the Neutrokine-2SV polypeptide having the amino acid
sequence encoded by the cDNA clone contained in the deposit having ATCC
aceession number 203518; and (1) a nucleotide sequence complementary to any
of the nucleotide sequences i (a), (b, {¢), {d) or {c), above.

Further, the invention includes a polynucleotide comprising 2 sequence
at least §5% identical to any portion of at lcast about 10 conligeous rucleptides,
about 20 cantigeons nucleotides, about 25 contipuons nucleatides, or about 30
contiguous nucleatides, preferably at least about 4D aucleotides, or at least ebout
50 nucleotides, of the sequence from nucleotide 1o nuclectide 1082 in Figures
1A and 1B (SEQ ID NO:1), preferably excluding the nucleotide sequences
deermined from the abovelisied cDNA clones and the nucleotide sequences
from nucleotids 797 to 1082, 810 to 1082, and 346 1o 542. In this context
“abont” includes the panicularly recited ranges, larger or smaller by several (i.e.
5.4, 3,2 or 1) amino agids, at either exureme or at both extremes.

By & polynucleotide having & nucleotide sequence al least, for example,
95% “identical” 1o a reference nuclemide sequence encoding # Neutrokine-a
and/or Neutrokine-aSV polypeptide is intended that the oucleotide sequence of
the polysucleotide is identical lo the reference sequence except that the
polynuclcotide sequence may include up to five mismatches per each 100
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nucleatides of the reference nucleotide sequesce encoding the Neutrokine-a
andfor Neutrokine-aSV polypeptide. In other words, w obtain a polynucleotide
having a mucleotide scquence at least 95% identical to a reference nucleotide
sequence, up to 5% of the nucieotides in the reference sequence may be deleted
or substituted with another nucieotide, or a number of nucleotidss up to 5% of
the totad nucleotides in the reference sequenes may be inserted into the reference
sequence, These mutations of the reference sequence ray occur &t the 5 or 3°
terminal positions of the reference nucleolide sequence or anywher belween
those terminat positions, interspersed either individually among nucleotidzs in
the reference sequence oF in one of more contiguous groups within the reference
sequence. The reference {guery) sequente may be the entire mucleotide

sequence encoding Nenurokine-a or Newmrokine-oSV, as shown in Figures 1A
and 1B (SEQ D NO:1) and Figures 5A and 5B (SEQ ID NO:18), respectively,
or any Neutrokine-tt or Neutrokine-aSV polyancicotids fmgmcﬁl as described

herein,

A3 a practical matter, whether any particular nocleic acid molecule is ar
keast 90%, 95%, 96%, 97%, 9B% or 99% idkentical to, for instance, the
nucleotide sequences shown in Figures 1A and 1B, or the nucleatids sequences
shown in Figures 5A and 5B, or te the nucleotides sequence of the deposited
¢DNA clones, or fragments thercof, can be determined cooventionally using
known computer programs such as the Bestfit program (Wisconsin Sequence
Analysis Package, Version 8 for Unix, Genetics Computer Group, University
Research Park, 575 Science Drive, Madison, W 53711). Bestfit uses the loca]
homology algorithm of Smith and Waterman to find the best segment of
homology bstween two seguences (Advances in Applied Muthematics
2:482-489 (1981)). When using Besifit or any other sequence alignment
program to detlermine whether a particular sequence is, for instasce, 95%
identical to a reference sequance according to thz present inventon, the
parameters are set, of course, such that the percentage of identity is caloulated
over the foil length of the reference nuclectide sequence and thay gaps in
bomology of up 1o 5% of the total number of sucleotides in the reference
sequence are allowed.

In a specific embodiment, the identity berween a referenes (guery}
sequence (2 ssquenes of the present invention) and 8 subject sequence, also
referred 1o as a global sequence alignment, is determined using the FASTDB
computer program based on the algoritbm of Brutlag and colleagues (Comp.
App. Biosci 6:237-243 (1990)). In a sequence alignment the query and subject
scquences are both DNA szquences. An RNA sequence can be compared by
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converting U's to T's. The result of said global sequence alignment is in
percent identily. Prefemed parameters wsed in 2 FASTDB alipnment of DNA
sequences 10 calculate percent identity are: Matrix=Unitary, k-tuple=4,
Mismatch Penalty=1, Joining Penalty=30, Randomizaten Group Lengih=0,
Cutoff Score=1, Gap Penaly=5, Gap Size Penalty 0.05, Window Size=500 or
the length of the subject nucleotide sequence, whichever is shorter. According
1o this embodimant, if the subject sequence is shorter than the query sequence
because of 5 or 3 deletions, net because of internal deletions, a manual
correction is made 1o the results fo zke inte consideration the fact that the
FASTDB program does not account for 5° and 3 uuncations of the suhject
sequence when calculating percent identity. Fer subject sequences muncated at
the 5" or 3' ends, relative lo the query sequence, the percent identity is cosrected
by caleulating the number of bases of the query sequence that are 5" and 3" of
the subject sequence, which are nat matched/aligned, a5 a percent of the total
bases of the query sequence. A determination of whether 2 nucleotide is
matched/aligned is determined by results of the FASTDB sequence dignment.
This percentage is then subtracted from the percent identiry, calculaied by the
above FASTDB program using the specified paramelers, fo aive at a final
percent identity score. This correcied score is what is used for he purposes of
this embodiment. Only bases ocutside the 5 and 3" bases of the subject
sequence, as  displayed by the FASTDB alignment, which are not
maiched/aligned with the query sequence, are calculaled for the purposes of
manuaily adjusting the percent identity score.  For example, a 90 bese subject
sequence is aligned 1o a 100 base query sequence 1o determine percent identity.
The delctions occar at the 57 end of the subject sequence and therefore, the
FASTDE alignment does not show a 'matchcdlzli'gmnmt of the fiest 10 bases at
5'end. The 10 unpaired bases represent 10% of the sequence (number of bases
at the 5 and 3" ends not matched/iotal number of bases in the query sequence)
so 10% is subtracied from the percent identity score calculated by the FASTDB
program. If the remaining 90 bases were perfectly malched she final percent
identity would be 90%. In another example, a 90 base subject sequence is
compared with a 100 base query sequence. This time the deletions are intemal
deletions so that there are no bases on the 5' or 3' of the subject sequence which
are nol matched/aligned with the qaery. In this case the percent identity
calculated by FASTDB is not manually corrected. Once again, only beses 5
znd 3' of the subject sequence which are not maiched/aligned with the query
sequence are manuatly corrected for. No other manual comrections are made for

the purposts of this embodiment.
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The present application is directed t0 nucleic acid molecules at jeast
50%, 95%, 96%, 97%, 98% or 99% identical 1o the nueleic acid sequences
(i.e., pelynucleoiides) disclosed herein {e.g., those disclosed in Figures 1A and
1B (SEQ ID NO:1} or to the necleic acid sequence of the deposiied cDNAs),

imespective of whether they encode a polypeptide having Nentrokine-1 andfor

Nestrokine-aeSV funciional activity {e.g., biological activity), In addition, the
preseat application is also directed to pucleic acit molecules a1 least 0%, 5%,
96%, 97%, 98% or 99% identical Lo the nucleic acid sequence shown in Figures
5A and 5B {SEQ ID NO:1B) or to the nucleic acid sequence of the deposited
cDNA, imespective of whether they encode a  polypeptids  having
Neuwokine-aSV activity. This is because even where a particular nucleic acid
molecuiz does oot epcode a polypeptide having Neuwrokine-a andfor
Neutrokine-aSV activity, one of skill in the art would still know how 1o use the
nucleic acid molecule, for instance, as 2 hybridizaton probe or a polymerase
chain reaction (PCR) primer. Uses of the nucleic acid molecules of the present
invention that do not encods a polypeptide having Neutrokine-s andfor
Newtrokine-aSV activity inchide, inter alia, (1) isolating the Neutrokine-a and/or
Neutrokine-aSY gene or aliclic vanants thereof in a cDNA fibrary; (2) in sine
hybridization (c.g., "FISH") to metaphase chromosomal spreads to provide
precise chromosamal location of the Neutrokine-a and/or Neutrokine-aSV gens,
as described in Verma et al., Human Chromosomes: A Manual of Basic
Technigues, Pergamon Press, New York (1988); and Nonthern Blot analysis
for detecting Neutroldne-a and/or Neutroking-a5V mRNA expression in specific
Hssues. ‘

Preferred, however, are nucleic acid moleculss having sequences at least
90%, 95%, 6%, 7%, 98% or 99% identical to the nucleic asid seguences
disclosed berein (e.g.. the nucleotide sequence shown in Figures 1A and 1B
(SEQ 1D NO:1j and the nucleie acid sequence of the depesited cDNAs, or
fragments thereof), whick do, in fact, encods a polypeptide having Neutrokine-»
and/or Neutrokine-aS VY polypeptide functional activity (e.g., biological activity).
Also prefermed are nucleic acid molecules having sequences at least 90%, 95%,
96%, 97%, 98% or 9% identical to the mucleic acid sequencs shown in Figures
SA and 5B (SEQ ID NO:1B) or to the nucleic acid sequence of the deposited
cDNA which do, in fact, encode a polypeptide having Newtrokine-a and/or
Neulrokine-sSV polypeplide functional eetivity (e.g., binlogical activity).

By "a polypeptide having Newrokinz-» polypeptide functional activigy”
(e.g., biological activity) and "a polypeptide having Neutrokine-aSV
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polypeptide functional activiy” {e.g.. biclogical aclivity) are intended
polypeprides exhibiting activity similar, but not necessarily identical, to 20
activity of the extraceliular domain or the full-length Neutrokine-a or
Neutrokine-aSV polypeptides of the invention, a5 measwed in 2 particular
functional assay (e.g., imowmological or biclogical assay). For example,
Neutrokine-s and/or Neutrokine-aSV polypeptide funciional activity can be
measured by the ability of a polypeptide sequence described herein 10 form
multimers (e.g., homodimers and homotrimers) with the completz Neutrokine-a
andfor Neotrokine- aSV or extracellular domain of Neutrokine-a andfor
Neutrokine- aSV, znd to bind a Neutrokine-a and/or Neulrokine-2SV ligand
(e.z.. DRS {See, Intemnational Publication No. WO 98/41629), TRI1Q (See,
Imemational Pubjication No. WO 98/54202), 31202 (See, Intzmational
Publication No. WO 98/06842), and TRI1, TR1ISVI, and TRIISV2 (See,
U.S. Applicaton Sedal Neo.  0%/176,200)). MNeutrokine-a  andfor
Newrokine-sSV polypeptids functional activity can be also be measured by
determining the ability of a polypeptide of the invention to induce lymphocyte
(e.g., B cell} proliferation, differentiation or activation. Thzse functional assays
can be rominely performed using techniques descrbed bemin {e.g., sec
Example 6) and otherwise known in the art  Additionally, Newtrokine-a or
Neutrokine-aSV  polypeptides of the present inveption modulale  cell
proliferation, cytotoxicity and cell death, An in wire cell proliferation,
cytotoxicity and cell death assay for measuring the effect of a protein on cenain
cells can be performed by using reagents well known and commonly available
E.n‘lh;: ar for detecting cell replication and/or death. For instance, numerous
such assays for TNF-related protein activities are described in the various
references in this disclosure. Briefly, an examplz of such an assay involves
collecting hurnan or animal (e.g., mouse) cells and mixing with (1) transfected
bost cell-supemnatamt containing Neutrokine-a profzin {or a candidate
polypeptide} or (2) nontransfected host cell-superneiant control, and measuring
the effect on cel} nummbers or viability after incubation of cemain peried of time.
Such cell proliferation motulation activities as can be measure in this type of
essay are useful for trealing tugnor, tmor metastasis, infections, awioimmune
disegses inflammation and other immune-rclated diseases.

Neutrokine-a znd  Mewirokine-sSVY modulate cell proliferation and
differentiation in a dose-dependent manner in Lhe above-descrbed assay.
Accordingly, it is preferred that "a polypeptide having Nevwokine-o polypeptide
functional activity” (e.p., blological activity) and “a polypeptide having
Neutrokine-aSV polypeptide functional actvity™ (e.., biological activity)
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includes polypeptides that also exhibit any of the same cell modulatory
{particularly immunomodulatory) activities in the above-described assays in a
dose-dependent manner. Although the degree of dose-dependent activity nead
ot be jdentical 1o that of the Nemrokine-» andfor Nestrokine-aSV polypeptides,
preferably, "2 polypeplids having Neatrokine-» polypeptide funclional activity”
and "a polypeptide having Meutrokine-a5V polypopide fumctional astiviy” will
exhibil substantially similar dose-dependence in a given activity as comparzd to
the Neutrokine-a and/or Neutrokine-aSY polypeptides (ie., the candidate
polypeptide will exhibit greater activity or not more than about 25-fold Jess and,
preferably, not more than about ienfold less activity relative 10 the reference
Neutrokine-a and/er Neorokine-2SV polypepiides).

In cestain prefemed embodiments, "a polypeptide having Neuwrokine-a
polypeptide functional activity” {e.g., biological activity) and "2 polypeptide
having Newirokine-a5V polypeptide Fumetional activity” ({e.g., biological
activity) includes potypeptides thas also exhibit any of the same B cell (or other
cell type) modulatory (pamicularly immunomoduiatory) activities described in
Figures BA, BB, 94, 9B, 10, 11, 12A, and 12B, and in Examplc 6.

Like other members of TNF family, Neutokine-n exhibits activity on
leukocyies including, for example, manocytes, lymphocytes (e.g., B cells) and
neuwrophils. For this reason Neutrokine-a is active in directing the protliferation,
differentizion and migraton of these cell types. Such zctivity is useful for
inmune enhancement or suppression, myeloprotection, ster cell mobilization,
acute and chronic inflammatory conizol and trearment of lenkemia. Assays for
mueasuring such activity are known in the an. For example, see Peters et al.,
Immun. Today 17:273 {1996); Young e al., ). Exp. Med. 182:13111 {1995);
Caux et al,, Nature 390:258 (1992); and Santiago-Schwarz et al., Adv. Exp.
Med. Biol. 378:7 (1995).”

Moreover, Neotrokine-28V also exhibits activity on leukocytes including
for example monocyies, lymphocyws and newrophils. For this reason
Neumokine-aSY is active in directing the proliferation, differentistion and
migration of these cell types. Such activity is nseful for inrmune enhancement
of suppression, myeloproteciton, stem call mobilization, zcure and chronic
inflammatory contro} and trealment of Jeukemia. Assays for measuring such
activity are known in the art. For example, see Peters &7 al, Immun. Todgy
J7:273 (1996); Young et al, J. Exp. Med 182:1111 (1995); Caux et al,
Nature 330:258 (1592); and Santizgo-Schwarz ef al, Adv. Exp. Med. Biol.
3787 (1995).7

Of course, due o the degeneracy of tiz genede code, one of ordinary
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skill in the art will immediately recognize that a farge number of the nucleic azid
molecules having a sequence at least 90%, 95%, 96%, 97%, 08%, or 99%
identical to the nucleic acid sequence contained in cDNA clone depesited in
ATCC accession no. 97768, or the nucleic 2cid sequense shown in Figures 1A
and 1B (SEQ ID NO:1), or fragments thereof, will encode a polypemide
"having Neutrokine-a polypeptide functional activity” (e.., biclogical activity).
One of ordinary skill in the an will also immediately recognize that a large
number of the nucleic acid molecules having a sequence al Jeast 90%, 95%,
96%, 97%, 98%, or 99% identical to the mucleie acid sequence contained in
¢DNA clone deposited in ATCC accession no. 203318 or the nucleic add
scquence shows in Figwes 5A and 5B (SEQ [ NO:18) will encode 2
polypeptide "having Neuwokine-aSV polypeptide functional activigy™ (e.g..
biological activity). In facl, since degenerate variants of these nucleotide
sequences all encode the same polypeptide, this will be clear to the skilled
artisan even without performing the above deseribed comparison assey. Iy will
be further recognized in the art that, for such nucleic acid molecules that are not
degenerale varants, 2 reasonable number will also encode 2 polypeptide having
Neutrokine-s andfor Neutsokine- 1SV activity. This is because the skilled
antisan is fully aware of amino acid substinnions that ar either less likely or not
likely to significantly effect protein fonction (e.g., replacing one aliphatic amino
acid with a second aliphatic amino acid), as further described below.

A further embodiment of the invention relates 1o a5 isolated nucleic acid
molecule cumpn's-ing a polynucleotide which encodes the amino acid sequence
of a Neutrokine-aSV polypeptide having an amino acid sequence which contains
a Jeast one copservative amind acid substitution, but not more than 30
conservalive amino acid substitulions, cvea more preferably, nol more than 40
conservative aming acid substinutions, stifl more preferably not more than 30
conservative aming acid substitutions, zad stl] even more preferably not more
than 20 conservative amino acid sobstitwions. Of course, in order of
ever-increasing preference, i is highly preferable for a polynuclectide which
encodes the amino acid sequence of a Nentrokine-SV polypeptide to have an
amine acid sequence which contains not more than 7-19, 5-10, 3-7, 3-5, 2-5,
1-5, 1-3, 10,9, 8,7, 6, 5,4, 3, 2 or I conservative amino acid substinztions.

Polypeptide fragments of the present invention include polypeptides
corprising or alternatively, consisting of, an amino acid sequence contained in
SEQ ID NO:2, encoded by the cDNA comained in the deposited clone, or
encoded by muckic aids which hybridize {e.5., under suingent hybridization
conditions) to the nocleolide sequence containzd in the deposited clone, or
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shown in Figures 1A and 1B (SEQ ID NO:1) or the complementary swand
therero. Protein fragments may be “free-standing,” or comprised within a larger
polypeptide of which the fragment forms a pat or region, most preferably as a
single confinuous region. Representative examples of pelypeptde fragments of
the inventon, include, for example, fragments that comprise or altematively,
consist of from about amino acid residues: 1o 59, 51 w 109, 101 10 150, 151
1o 200, 201 10 250, and/or 251 to 285 of SEQ ID NO:2. Morcover, polypeptide
fragments can be af Jeast 10, 20, 30, 40, 30, 60, 70, 80, 80, 100, 110, 120,
130, 140, 150, 175 or 200 amino acids in Jength.

In specific embodiments, polypeptide fragments of the invention
comprise, or allernatively consist of, amino acid residocs: 146, 31.44, 47-72,
73-285, 73-83, 94-102, 148-152, 166-181, 185-209, 210-221, 226-237,
244-249, 253-265, andlor 2T7-284, as depicted in Figures A and 1B (SEQ ID
NO:2). Polynucleotides encoding these polypeptides are also encompassed by
the invention.

It will be recognized by one of ordinary skill in the ant that mmations
targeted to regions of a Newtrokine-o polypeptidz of the invention which
encompass the nineteen amino acid residue insertion which is ot found in the
Neutrokine-aSV  polypeptide sequence (i.e., amino acid residues Val-142
through Lys-160 of the sequence presented in Figures LA aad 1B and in SEQ
1D NO:2) may affect the observed biological activities of the Neutrokine-a
poiypeptide. More specifically, a pantinl, non-limiting and non-exclusive list of
such residues of the Nevuokine-o polypepide sequence which may be targeted
for genation includes the following amino acid residues of the Neutrokinea
polypeptide sequence as shown in SEQ IDNO:2: V-142; T-143; Q-144; D-145;
C-146; L-147; Q-148; L-149; 1-150; A-151; D-152; 5-153; E-154; T-155
P-156; T-15F 1-158; Q-15% and K-180. Polynucleotides cncoding
Neutrokine-a polypeptides which hiave one or more mutations is the region from
V-142 through K-160 of SEQ B> NO:2 are contermplated.

Similarly, polynucleotides caceding polypeptides which contain all or
some portion of the region V-142 through K-160 of SEQ ID NO:2 are likely 10
be valuable diagnostic and therapeutic polynucleotides with regard to deiecting
and/or alering expression of cither Neotrokine-n or Neutrokine-oSV
palynucieotides. In addition, polynucleotides which span the junction of amino
acid residues T-141 and G-142 of the Neuotrokine-aSV polypeptide shown in
SEQ I NO:19 {in between which the V-142 through K-160 amino acid
sequence of Newtrckine-n is apparemly inserted), are also likely to be useful
both diagnostcally and therapeutically.  Such T-141/G-142 spanning
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polynucleotides will exhibit a moch higher likelikood of hybridization with
Neutrakine-aSY polynucleotides thap with Newtrokine-a polyaucleotides. A
partial, non-limiting, non-exclusive st of such Neutrokine-aSV polypeptides
which are encoded by polysucleotides of the invention iacludes the following:
G-121 through E-163; E-122 through E-163; G-i23 through E-163; N-124
trough E-163: S-125 through E-163; $-126 through E-163; 127 throsgh
E-163; N-128 through E-163; §-129 through E-163; R-130 through E-163;
N-i31 throvgh E-163; K-132 through E-163; R-133 through E-163: A-134
throngh E-163; V-135 through E-163; Q-136 through E-163; G-137 through
E-163; P-138 through E-163; E-139 through E-163; E-140 through E-163;
T-34] through E-163; G-142 through E-163; §-143 through E-163; Y-144
through E-163; T-145 through E-163; F-146 through E-163; V-147 throogh
E-163: P-148 through E-163; W-149 drough E-163; L-150 through E-163;
L-151 through E-163; S-152 through E-163; F-153 through E-163; K-154
through B-163; R-155 twough E-163; (-156 through E-163; S-157 through
E-163; A-1S8 through E-163; L-159 through E-163: E-160 through E-163;
E-16! through E-163; K-162 through E-163; G-121 through K-162; G-121
through E-161; G-121 through E-160: G-121 through L-159 G-121 through
A-158; G-12} through S-157: G-121 through G-156; G-121 throegh R-135:
G-12} throngh K-154; G-121 through F-153; G-121 throvgh §-152; G-i2]
through L-151; G-121 through L-150; G-12! through W-149: G-121 through
P-148; G-121 through V-147; G-121 through F-146; G-121 through T-145;
G-121 through Y-144; G-121 through S-143; G-121 through G-142; G-121
through T-141; G-121 through E-140; G-121 through E-13% G-121 through
P-138: G-121 through G-137; G-12F through Q-136; G-121 through V-135
-121 through A-134; G-121 through R-133; G-121 through K-132; G-121
through N-131; G-121 through R-130; G-121 through $-129; G-1Z1 through
N-128; G-121 through GQ-127; G-121 through 5-126; G-121 through S-125;
G-121 through N-124; G-12] through G-123; and G-121 through B-122 of
SEQIDNO:1Y.

Yectors and Host Cells

The present invention also relates to vectors which include the isolaied
DNA molecules of the present jovention, host cells which are genstically
engineered with the recombinant vectors, or which are otherwise engincered 1o
produce the polypeptides of the invention, and the production of Neurokine-a
andfor Neutrokine-aSV polypeptides, or fragments thereof, by recombinant
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techniques.

In one embodiment, the polynuciestides of the invention are joined 1o a
vector {e.g., 3 cloning or expression vector). The vector may be, for example, a
phage, plasmid, viral or rerroviral vector. Retroviral veetors may be replication
cosnpetent or replication defective. In the Iater case, viral propagation generally
will ozour only in complementing host cells, The pelynuelentides may be joined
10 4 veclor containing a sclectable marker for propagation in 2 host. Introdustion
of the vector construct into the host cell can be effected by techniques known in
the at which include, but are not limted to, calcivm phosphate transfection,
DEAE-dextran medimied wansfection, cationic lipid-medizted  wapsfection,
clectroporation, ransduction, infection or other methods. Such methods are
described in many standard laboratery manuals, sueh as Davis o al., Basic
Methods In Molecuar Biology {1986).

Generally, recombinant expression vectors will include origins of
replication and selectable markers permitting wransformation of the host cell,
e.g., the ampiciliin resistance gene of Z. coli and S. cerevisize TRP1 gene, and
a promoter derived from a highly-expressed gene 1o direct tmnseription of a
downsoeam structural sequence. Such promoters can be derived from operons
encoding giycolytc enzymes such as 3-phosphoglycerste kinase (PGK), »-
factor, acid phosphatase, or heal shock proteins, among others, The
heterologous structural sequence is assembled in approprizie phase with
translation ipitiation and tepmination sequences, and preferably, 2. leader
seguence capable of directing secretion of ransiated protein into the periplasmic
space or expaceliolar medium.  Optiopally, the helerologous sequence can
encode a fusion protein including an N-terminal identificarion peptide imparting
desired characteristics, for example, stebilization or simplified purification of
expressed recombinant progduct.

In one embodiment, the DNA of the invention is operatively associated
with an. appropriate beterologous regulatory element (e.g., promoter or
enhancer), such as, the phage lambda PL promoter, the E. coli fac, &rp, phoA,
and c promolers, the SV40 early and lste promoters and promoters of
retroviral LTRs, to name a few. Other suitable protanters will be known to the
skiiled artisan.

As indicated, the expression vectors will preferably inchide at least one
selectable marker. Such markers nclude dibydrofolate reductase, G418 or
neomycin resistance for cukaryotic cell cufture and tegacycling, kanamyein or
ampicilin mesistance genes for culmwing in E coli and other bacteria
Representative examples of appropriate bosts includz, but are not limited 1o,
bacterial cells, such as E. colj, Strepromyces end Salmonelle ryphimurium celis;
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fungal cells, such as yeast cells; nsect cells such as Drosophila S2 and
Spodoprera 819 celis; animal cells such 25 CHO, COS, 293 and Bowes
melanoma cells; and plant eells. Appropriate cultare mediums and conditions
for the above-described host cells are known in the art.

The host coll can be a higher eukeryotic eell, such a5 a mammalian cell
{e.g., 2 buman desived cell), or 2 Jower enkaryotic celi, such s a yeast cell, or
the host cell can be a prokaryotic cell, such a5 a bactedad cell. The host strain
may be chosen which modulates the expression of the inseried gene sequences,
or modifies and processes the gene product in the specific fashion desired.
Expression from certain promoters can be elevaed in the presence of certgin
inducers; thus expression of the gemetically enginesred polypeptide may be
controlled. Furthermore, different host cells have characteristcs and specific
mechamisms for the transhalional and post-tanslational processing  and
modification (c.g., phesphorylation. cleavage) of proteins. Appropriale cell
Jines can be chosen to ensure the desired modifications and processing of tbe
foreign protein expressed. Selection of appropriate vectors and promolers for
capression in a host cell is 2 well knowa procedure and the requisite techniques
for expression vector construction, intreduction of the vector into the host and
expression in the host ase routine skills in the ant.

Useful expression vectors for bacierial use are consirected by inserting 2
structural DNA sequence encoding a desired protein 1ogether with suitable
\ranskation initiation and termination signals in operable reading phase with 2
funetional psometer. Thé vector will comprise one or mors phemotypic
selectable markers and an oripin of replication to ensure maintenance of the
vector and 1o, if desirablz, provide amplification within the host.  Suitable
prokaryotic hosts for mnsformation include E coli. Bacillus subilis,
Salmonella typhimurium, and various species within the genera Pseudomonas,
Streptamyces, and Suphylococens, 2ithough ethers may also be cmployed as 2
mater of choice. As a representative, but nonlimiting example, useful
expression vectors for bacterial use cap comprise a selectable marker and
bactesial origin of replication derived from commercially available plasmids
comprising genetic elements of the well known cloning vector pBR322 (ATCC
37017). Such commercial vectors include, for exampis, pKK223-3 (Pharmacia
Fine Chenicals, Uppsala, Sweden) and GEM! (Promega Biotec, Madisen, WI,
USA). These pBR322 "backbone" sections are combined with an appropriate
promoter and the structural sequence to be expressed. Among vectors preferred
for use in bacteria includz pHE4-5 {ATCC Accession Ne. 209311 and
varations theread), pQE70, pQESD and pQE-9, available fom QIAGEN, Inc.,
supra; pBS vectors, Phagescript vectors, Blncscript vectors, pNHBA, pNH16a,
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pNHISA, pNHAGA, available from Statagene; and puc99a, pKK223-3,
pKX233.3, pDRS540, pRITS available from Pharmacia. Among preferred
eukaryotic vectors are pWLNED, pSV2CAT, pOG44, pXT1 and pSG available
from Stralagenc; and pSVK3, pBPV, pMSG and pSVL availsble from
Pharmacia, Other suitable vectors will be readily apparent to the skilled antisan.

Following rrancformation of a suitable host strain and growth of the hast
strain 1o an appropriate c=ll density, the selected promoter is induced by
approptiate means (¢.g., temperanre shift or chemical induction} and cells anre
cultwred for ap addiional period. Cells am typically harvested by
cenmifugation, disrupted by physical or chemical means, and the sesulling crude
extract retined for further parification.

Microbial cells employed in expression of proteins can be disrupted by
any convenient method, ipcluding freeze-thaw cycling, sonication, mechanical
disruption, or use of ecll lysing 2gents, such methods are well know 1o those
skilled in the art.

Transcription of the DNA encoding the polypeptides of the present
invention by higher cukaryotes is Increased by inseriing an enhancer sequence
into the vector. Enhancers are cis-ecting elzments of DNA, usuatly about from
£0 1o 300 bp that act on a promoter to increase its wanscription.  Examples
including the SV40 enhancer on the late side of the replication origin bp 100 o
270, a cylomegulovirus early promoter enhancer, the polyoma enhancer on the
late side of the replication origin, and adenovirus enhancers.

Various mammalian cell culture sysems can also be employed 10
express recombinant protsin. Examples of mammalian expression systems
includs the COS-7 lines of monkey kidney fibroblasts, desciibed by Gluzman
{Cell 23:375 (1981)), and other ccll lines capable of expressing a compatible
veclor, for example, the C127, 3T3, CHO, Hela and BHK cell lines.
Mammalian expression vectors will comprise an origin of replication, 2 suitable
promeler and enhancer, and also any necessary ribosome binding sites,
polyadenylation site, splice donor and acceptor sites, anscriptional termination
sequences, and 5 flanking nontranscribed sequences. DNA sequences decived
from the SV40 splice, and polyadenylation siles may be used to provide the
required nontranscribed genetic elaments.

In addition 10 encompassing host eells conaining the vecior construcls
discussed herein, the invention also encompasses primary, secondary, and
immortalized host cells of verebrate origin, particularly mammalian origin, that
have been engineered to delete or replace endogenous genetic material (e.g.,

Neutrokine-t coding sequence), andfor 1o include genetc mamesial (e.g.,
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heterologous polynusieotide sequences) that iy aperably associated  with

Neuuokine-gt polyaucleatides of the invention, and which sctivales, alters,

andfor amplifies endogenous Newrokine-o polynucleotides. For example,
technigues knowa in the af may be vsed 1o operebly associate heterologous
control segions (¢.g., promoter and/er enbancet) md endogrrous Neutrokins-o

polynucleotide sequences via homologous recombination {sez, ¢.g., U.S.
Palent No. 5,641,670, issued june 24, 1997, Intemational Publication No,
WO 0629411, published Seplember 26, 1996: International Publication No.
WO 94/12650, published August 4, 1954; Koller of al., Proc. Natl. Acad, Sci.
S A B6:B972-8935 {1989); and Zijlsura et al., Nawre 342:435-438 (1989), the
disclosures of each of whith are incorporated by reference in their entireties).

The host cells deseribed infra can be used in a conventional roanmer to
produce the gens product encoded by the recombinant sequence.  Almrmatively,
cell-Free tanslation systems can also be employed to produce the polypeptides
of e invention using RNAS derived from the DNA censtructs of the present
inventon.

The polypeptice of the inveation may be expressed or symhesized in a
modified form, such a5 5 fasion prowein {romprising the polypeptide joined viaa
peptide bond 10 2 heterologous protein sequence (of a different prosein)), and
may include not only secrelion signals, but also additional heterologous
functional regions. Such a fusion prowin can be made by Hgating
polynucleotides of the invention and the desired nucleic acid sequence encoding
the desired amino acid sequence 1o each bther, by methods knowm in the art, in
the proper reading frame, and expressing the fusion protein product by methods
knowp in the ani. Alzenatively, such & fusion proicin can be made by protein
synthelc techniques, £.g., by use of a peptide synthesizer. Thus, for instance,
2 region of additional amino acids, particularty charged amino acids, may be
added to the N-terminus of the polypeptide 1o improve stability and persistence
it the host cell, during purification, or during subsequent handling and storage.
Also, peplide moieties may be added to the polypeptide 10 facilitate pusification.
Such regions may be remaoved pror o final preparation of the polypeptide. The
addition of peptide moieties to pelypeptides 1© engender secretion or excretion,
1o irnprove stability and to facilitaie purification, among others, are familiar and
routine techniques in the an,

A preferred fusion prolcia comprises a beterologous region from
immunogicbulin that is nseful 1o swbilize and porify proteins. For example,
EP-A-D 464 533 (Canadien counterpart 2045869) discleses fusion proleins
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comprising various portions of constant region of immunoglobulin molecules
together with another human protein or part thereof, In many cases, the Fr pant
in a fusion protein is thoroughly advantagenus for use in therapy and diagnosis
and thus resnlts, for exarple, in improved pharmacokinetic propenies (EP-A
0232262). On the other band, for seme uses 1t would be desirable to be able to
delete the Fo part after the fusion protein has been expressed, detected and
purified in the zdvantageous manner described.  This is the case when Fe
portion proves 1o te 8 hindrance 10 use in therapy and diagnosis, for example
when the fusion protein is to be used as antigen for immunizations. In drug
discovery, for example, human proteins, such a5 hIL-5 has beep fused with Fo
portions for the purpose of high-throushput screening assays to identfy
zntagonists of h1L-5. See, D, Bennett ¢ al., J. Molecudar Recognition 8:52-58
(1995) and K. Johanson et al., J. Biol. Chem. 270:9459-9471 (1995).

Polypeptides of the present invention include naturally purified
products, products of chernical syathetic procedures, and products produced by
recombinan! techniques from a prokaryotic or evkaryotic host, incloding, for
example, bacterial, yeast, higher plant, insect and mammabian cells. Depending
vpon the host employed in & recombinant production procedore, the
polypeptidss of the present invention may be glycosylated or may be
non-glycosylated. In addition, polypeptides of the invention may also include an
initial modified methionine residue, in some cases us a resull of host-mediated
processes.

Polypeptides of the invention can be chemically synthesized using
techniques known in the art (e.g., see Creighton, 1983, Prowins: Structures
and Molecular Principles, W.H. Freeman & Co., N.Y., and Hunkapilizy, M.,
et ak., 1984, Nawure 310:105-111). For example, a peptide conesponding to a
fragment of the complete Newtrokine-o or Neutroking-aSV polypeptides of the
invention can be synthesized by use of a peptide synihesizer. Furthenmors, i
desired, ponclassicel amine acids or chemical amino acid anslogs can be

introduced as a substitition or addition into the Neutrokine-it or Neutrokine-

aSVY polynucleolide sequence. Non-classical amino acids include, but are noy
Yirpited 10, to the D-isomers of the comynon amino acids, 2,4-diaminoburyric
acid, a-amino isobuiyric acid, 4-amincbutyric acid, Abu, 2-amino butyric acid,
g-Abu, e-Ahx, 6-amino hexanoic acid, Aib, 2-amino iscbutyric acid, 3-amino
propionic acid, ormitbine, norleucine, norvaline, hydroxyproline, sarcosine,
citmlline, homocitrulline, cysiele acid, t-butylglycine, t-butylalanine,
phenylglyeine, cyclohexylalanine, b-alanine, fluoro-amino acids, designer
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amino acids such as b-methyl amino acids, Ca-methyl amine acids, Na-methyl
amino acids, and amino acid anajogs in general. Furthermore, the amino acid
cap be D [dextrorotary) er L (fevorotary).

The invention encompasses Neutrokine-r or Neutrokige-uSV

polypeptides which are differentially modified during or afier translation, e.g.,
by glycosylation, acetylation, phosphorylation, amidation, dedvatization by
known protecting/blocking groups, proteolytic cleavage, linkage to an antbody
molecule or other celiular Higand, etc. Asy of numerous chemical modifications
may be carried out by known technigues, inchuding but not limited, 1 specific
chemical cleavage by cyanogen bromide, trypsin, chymotrypsin, papain, VB
prolease, NaBH,; acetylation, formylation, oxidatien, reduction; metabolic
synthesis in the presence of tenicamycin; ete.

Additional post-transtationa) modifications encompassed by the
invention include, for example, e.g., N-Tinked o O-linked carbobydrate chains,
processing of N-terminal o C-lerming] ends), atachment of chemical moieties
to the smino acid backbone, chemical modifications of N-linked or O-linked
carbehydrate chains, and addition or deletion of an N-terminal methionine
residue as a resull of procaryotic host celi expression.  The polypeplides may
also be modified with a deiectable lobel, such as an enzymatic, fluorescent,
isotopic cr affiniry label to allow for detection and isolation of the proiein.

Also provided by the invention are chemically modified derivatives of

Neowrokine-o or Neutrokine-aSV which may provide addidional advanlages

such as increased solubifity, s1ability and circulating fime of the polypeptide, or
decreased immunogenicity (see U. S.-Patent No. 4,179,337} The chemical
mpieties for derivitization may be selected from waier soluble polymers such as
polyethylene  glycol,  cthylens ghreolpropylent glycol  copolymess,
carboxymethylceliulose, doxtran, polyvinyl alcohol and the ke,  The
polypeptides may be modified al random positions within the melecule, or &
predetzrmined positions within the molecule and may include one, two, three or
more attached chemical moieties. '

The polymer may be of any molecular weight, and may be branched or
unbranched. For polyethylene glycol, the preferred molecular weight is
berween about 1 kDa and about 100 kDa {the tenm "abowt” indicating that in
preparations of polysthylene glycol, some molecuics will weigh more, some
less, than the stated molecular weight) for case in handling and manufaciuries.
Other sizes may be used, depending on the desired therapzutic profile (e.p., the
duration of sustained release desired, the effects, if any on bivlogical activigy,
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tbe case in handling, the degres or fack of antigenicily and other known effects
of the polyethylene glycol to a therapsmic protein or analog).

The polyethylens glycol molecules (or other chemical moieties) should
be attached 1o the prowin with consideradon of effects on functonal or antigenic
domains of W protein. There are a number of attechment methods available 1o
those skilled in the an, e.g., EP 0 401 384, herein incorporated by reference
(coupling PEG to G-CSF), see also Malik e1 al., Exp. Hematol. 20:1028-1035
{1952) {reporting pegylation of GM-CSF tsing tresy] chloride). For example,
polyethylene glyco) may be covalenily bound through amino acid residues via a
reactive group, such as, a free amino or carboxyl group. Reactive groups ae
thoss to which an activated polycthylene glyeol molecule may be bound. The
amine acid residues having a free amino group may include bysine residues and
the N-terminal amino acid residues; those having a free carboxyl group may
include aspartic acid residues ghitmic acid residoes and the C-terminal amino
acidd residue.  Sulfhydryl groups may also be used as a reactive group for
ataching the polyethylene glycol molecnles. Preferred for therapeutic purposes
is arachment at an amino group, such as etachment al the N-1érinus or lysine
group.

Ome may specifically desire protcins chemically modified at the
N-temminus. Using polyetbylens glycol as an illastration, one may select from 2
variety of polyethylene glycol molecules (hy molecular weighy, branching, eic),
the proportion of polyethylene glycol molecules 1o protein (oF peptids}
molecuizs in the reaction mix, the type of pegylation reaction to be performed,
z2nd the method of obtaining the selected N-erminally pegylated prowein. The

" method of aobtaining the N-1erminally pegylated preparation (i.e., separating this

moiety from other monopegylated moicties if necessery) may be by purification
of the N-terminafly papylated material from 2 popuiation of pegylated proiein
molecules,  Selective preteins chemically modified &t the Neterminus
modification may be accomplished by reductive alkyhtion which exploits
differential reactivity of differcnt types of primary amino groups (lysine versus
the N-terminal) available for derivatzation in 2 panticular proiein. Under the
appropriale reaction conditions, substansially selective derivatization of the
protein a3 the N-terminus with a carhony] group containing polymer is achieved.

The Nevwokine-a andfor Nentrokine-sSV polypeptides can be recovered
and purified by known methods which include, bt are not limited 1o,
ammonium sulfatz or sthano] precipiation, acid exwacton, anicn or caton
exchange chromatography, phosphoceliuiess chromatograpby, hydrophobic
interaction  chromatography, affinity chromatography, hydroxylapatit
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chromutography and lectin  chromategraphy. Most preferably, high
performance liquid chromatography ("HPLC") is employed for punfication.

Neutrokine-e Polypepiides

The Newtrokine-o andfor Neutrokine-25V polypeptides of the invention
may be in mopomers or multimers (i.e., dimers, trimers, tetramess and higher’
mulimers). Accondingly, the present invention relales to monomers and
multimers of the Neotrokine-ot and/or Newrokine-aSY polypeptides of the
invention, their preparaton, and compositons (preferably, pharmaceutical
compositions) containing them. 1o specific embodiments, the polypeptides of
the invention are monomers, dimers, mimers or tetramers.  In addiional
embodiments, the maltimers of the invention are at least dimers, at least trimers,

or at feast tetrarners.
Multimers encompassed by the inventon may be homomers or
heteromers. AS used herein, the term homomer, refers to @ multimer containing

only Neorokine-t andfor Neomokine-oSV polypeptides of the invention

(including Nevtrokine-g andfor Neutrokine-uSV fragments, varianis, and
fusios proieins, as deseribed herein).  These homomers may conlain
Neuwokine-g and/or Neutrokine-atSV polypeptides having identical or different
amino acid sequences. In a specific erobodiment, 2 homomer of the invention is
a muitimar containing only Neutrokine-a andfor Neuwokine-0SV polypeptides
having an identical amino acid sequence. In another specific embodimest, 2

homomer of the invention is a multimer containing Neutrokine-0t andfor

Neutroking-oSY polypeptides having different amino acid sequences. In
specific cmbodiments, the multimer of the invention is a homodimer (e.g.,
containing Neuwckine-a and/or Neutrokine-aSV polypeptides having idsntical
or different amino acid sequences) or a homotrimer {e.g., rontaining
Neutrokine-t1 and/or Neutrokine-otSV polypeptides baving identical or different

amino acid sequences). 1o additional embodiments, the homomernic multimer of
the invention is at feast a homodimer, at least a homotrimer, or at least a
homotetramer.

As used herein, the term heteromer refers 10 a multimer containing
heterclogous polypeptides (i.e., polypeptides of a different protein) in addition

10 the Neurokine-& and/or Neutrokine-oSV polypeptides of the invention. 1o a
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specific embodiment, the multimer of the invention is a helerodimer, 2
helerotrirmer, or a heterotetramer. In additional embodiments, the bomomenie
multimer of the invention is at Jeast a homodimer, at Teast s homoirimar, or at
least a homotegamer.

Multimers of the imvention may be e resuit of hydrophobic,
hydrophilic, ionic and/or covaient associations andfor may be indirecty linked,
by [lor example, liposome [ormation. Thus, in one embodiment, imuliimers of
the invention, such as, for example, homodimers or bomotrimers, are formed
when polypeptides of the invention contact one another in solation. In another
embodiment, heteromullimers of the invention, such as, for example,
beterotrimers or heterotetraypers, are formed when polypepides of the invention
conlact antibodies 1o the polypeptides of the invention {including antibodies 1o
the heterologous polypeptide sequence in a fusion protein of the invention) in
solution. In cther embodiments, muldmers of the invention are formed by

covalent associations with and/or betwesn the Neutrokine~-ot andfor Neutrokine-

oSV polypeptides of the invention. Such covalemt associations may involve

one or more amino acid residues contained in the poiypeptide sequence ( e.g.,
that reched in SEQ ID NO:2 or SEQ D NO:19, or contaioed in the polypeptide
encoded by the clones deposited in conneegon with this application). In one
insiance, the covalent associations are cross-linking between cysteine residues
located within the polypeptide sequences which interact in the nalive (i.c.,
naturally occurring) polypeptide. In another instance, the covalent associations
are the consequeace of cbemical or recombinant manipwlation.  Aliernatively,
such covalent associations may involve one or more amino acid residues

conained in the hewrologous polypeptide scquence in 2 Neutrokine-or and/or

Neutrokine-xSV fusion prolein. fn onc example, covalent associations are
between the heterologous sequence contained in a fusion protein of the
invention {see, e.g.. US Patent Number 5,478,925}, In a specific example, the
covalent ussociations are betwesn the heterologous sequence contained in a
Nemrokine-tz-Fe and/or Neutrokine-aSV -Fe fusion protein of the invention (as
described berein). In another specific example, covalent associations of fusion
proteins of tbe invention are between heterologous polypeptide sequence from
another TNF family ligandfrecepior member that is capeble of forming
covalently associated multimers, such as for example, eseleoprolegenin (see,
¢.g., Internationsl Publication No. WO 98/49305, the coments of which are
harein incorporated by reference in its entirety).
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The multimers of tha invention may be generated using chemical
techniques known in the art. For exanple, polypeptides desired to be contained
i the multimers of the invention may be chemically cross-linked using hnker
molecuies and linker molecule length optimization technigues kbown in the an
(see, £.g., US Patenl Number 5,478,925, which is berein incorporated by
feference in its entirety).  Additionally, mullimers of the inveolion ney be
generated using techniques known in the art to fora one or more intes-molecule
cross-links beiween the cysteine residues located within the sequence of ths
polypeptides desired to be contained in the mulimer (see, e.g., US Paent
Nuomber 5,478,925, which is herein incorporated by reference in its entirety).
Fanther, polypeptides of the invention may be routinely modified by the addiian
of cysteine or biotin 1o the C erminus or N-terminus of the palypoptide and
techniques known in the art may be applied to generate multimers coulzining
onz or more of these modified polypeplides (see, e.g., U5 Patent Number
5.478,925, which is bhersin incorporated by mference in its entirety).
Additionaly, technijues known in the art may be applied to gencrae liposomes
comtaining the polypeplide components desired to be contained in the multimer
of the invention {see, 2.g., US Pateni Number 5,678,525, which is herein
incorporated by reference ip its entirety).

Alzmatively, multimers of the invention may be generated using genetic
engineering techniques known in the ant. In one embodiment, polypeptides
comnined i maulimers of the invention are produced recombinantly using
fusion protein technology described herein or otherwise known in the an {see,
e.g., US Patent Nomber 5,478,925, which is herein incorporated by reference
in ils emsirety). In a specific embodiment, polynucleotides coding for a
nomodimer of the invention are generated by Lgating a polynucleatide sequence
encoding 2 polypeptide of the invention 1© a sequence encoding a linker
polypaptide apd them farther to a synthetic polynucleotide enceding the
translated prodect of the polypeptide in the reverse erientation from the original
C-terminus to the N-terminus (Jacking the leader sequence} (ses, e.g., US
Patent Number 5,478,925, which is herein incorporated by meference in its
entirety). In another embodiment, recombinant techniques described berein or
otherwise known in the ant are applied lo pencrate recombinant polypeptides of
the invention which contain 2 trensmembrane domain and which can be
incorporated by membrane reconstitution sechniques into liposomes (see, €.g.,
US Patent Number 5,478,925, which is hercin incorporated by reference in its
eatirety}.

In one embodiment, the invention provides an isolaled Neutrokine-z
polypeptide having the amino acid sequesce encoded by the cDNA clone
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comained in ATCC No. 97768, or the amine aoid sequence in Figures 1A and
1B (SEQ ID NO:2), or a peplide or polypeptide comprising a portion (i.e., a
fragmens) of the above polypeptides. In another embodimeni, the invention
provides an isolated Neutrokine-aSV polypeptide having the amine acid encoded
by the cDNA clone contained in ATCC No. 203518, or the amino acid sequence
in Figares 5A and 5B (SEQ ID NO:19), or a peptide or polypeptide comprising
3 pordon (.2, fragmenr) of the above polypeptides.

Polypeptide frapments of the present invention imclude polypeptides
comprising or aliematively, consisting of, an amino acid sequence contained in
SEQ ID NO:2, encoded by the cDNA contained in the plasmid having ATCC
acression number 97768, or encoded by nucleic acids which hybridize (e.g..
under stringent hybridization conditions) to the nucleotide sequence contained in
the depasited clome, or the complementary swand of the puclectide sequence
shown in Figures 1A-B (SEQ ID NOC:L.

Additionally, polypeptide fragments of the present jnvention inchide
polypeptides comprising or atematively, consisiing of, 2r amino acid sequence
contained in SEQ ID NO:19, encodsd by the ¢cDNA contained in the plasmid
baving ATCC azcession number 203518, or encodzd by nucleic acids which
bybridize (s.g., under suingem hybridization conditions) to the nucleotide
sequence contzined in the deposited clone, or the complementary sirand of the
mucleotide sequence shewn in Figunes 5A-B (SEQ D NO:18).

Protein fragrients may be "free-standing,” or comprised within a larger
polypeplide of which the fragmment forms a part or region, most preferably 25 2
single continuous region. Representative examples of polypepiide frapments of
the invention, include, for example, frapments thal comprise or aliematively, -
consist of from sbout amind acid residuss: 1 to 15, 16-30, 31-46, 47-55, 56-
72, 73-104, 105-163, 163-188, 186-210 and 210-284 of the amino acid
sequence disclosed in SEQ ID NO:2.  Addifional sepresentative exammples of
polypeptide fragments of Ihe invention, include, for exammple, fragments that
comprise or aliernatively, consist of from about amine acid residues: 1 to 143,
1-150, 47-§43, 47-150, 73-143, 73-150, 100-150, 140-145, 142-148, 140-
150, 140-200, 140-225, and 140-266 of the amino 2cid sequence disclosed in
SEQ ID NO:19. Moreover, polypeptide fragments can be at Jeast 10, 20, 30,
40, 50, 60, 70, BO, 90, 160, 110, 120, 130G, 140, 150, 175 or 200 amino acids
in length. In this conlext, "about” means several, a few, 3, 4, 3, 2 or 1.
Folynucieotides encoding these polypeptide fragments are also encompassed by
the invention.

Additional preferred embodiments encomapass polypeptide fragments
comprising, or alematively consisting of, the predicted intracellular domain of
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Neugckine-a [amine acid residues 1-46 of SEQ ID NO:2), the predicted
ransmembrane damain of Neutrokine-» (amino acid residues 47.72 of SEGQ ID
NO:2), the predicied extraceiiular domain of Neutrokine-s {(amino acid residues
73-285 of SEQ 1D NO:2), the predicied TNF canserved domain of Nentrokine-
o (amino acids 191 to 284 of SEQ ID NO:2), and a polypeptids comprising, or
ahematively, consisting of the predicted inacellular domain Fased w0 the
predicied extracellular domuin of Newtrokine-a {amino acid residues 1-46 fused
\o zimino acid residues 73-285 of SEQ ID NO:2).

Further additional preferred embodiments encompass  polypeptide
fragments comprising, or allematively consising of, the predicied inmaceilular
domain of Newwokine-oSV (amine arid residues 1-46 of SEQ D NO:19), the
preditied transmembrane domain of Neurrokine-aSV {amino acid residues
47-72 of SEQ ID NO:19), the predicied extraceliular domain of Nevtrokine-aSV
{amino acid residues 73-266 of SEQ ID NO:19), the predicted TNF conserved

domain of Newrokine-e5V (amino acids 172 1o 265 of SEQ ID NO:19), and 2
polypeplide comprising, or ahernatively, consisting of the predicted inraceliular
domain fused to the predicied exiracellvtar domain of Neutrokine-o:SV (amino
acid residues 1-46 fused to amino acid residues 73-266 of SEQ ID NQO:19).

Additional  embodiments  encompass  Neuwokine-a  andfor

Neutrokine-:SV  polypeptide fragments comprising functional regions of

polypeplides of the invention, such as the Gamier-Robsen alpha-regions,
beta-repions, tun-regions, and coil-regions, Chou-Fasman  alpha-regions,
beta-regions, and  coli-regions, 'Kyw—DoolitLIe hydrophilic regions and
hydrophobic regions, Eisenberg alpha- and bew-amphipathic regions,
Karphus-Schulz  flexible  regions, Emini swiace-forming regions and
Jamesoz-Woll regions of high antigenic index st out in Figures 3 and §and in
Table I and as deseribed herein, In a preferred embodiment, the polypeptide
fragments of the invention are antigenic. The daa presentzd in columns VI,
IX. X, and XIV of Table | can be used to routnely determine regions of
Neuwokine-a which exhibil a high degree of potential for antigenicity. Regions
of high antigeniriry are detzrmined from the data presented in eotumns VI, IX,
XIII, andfor IV by choosing values which represent regions of the polypeptide
which are likely to be exposed on the surface of the polypeptide in an
cavironment in which antigen recognition may oceur in the process of initiation
of an immune response. Among highly prefened fragments of the invention are
those that comprise regions of Newrokine-s andfor Neutrokine-aSV - that




30

35

4

combine several stroctural features, such as scveral {e.g., 1, 2, 3 or 4) of the
features set out above. Polynucleotides encoding these polypeptides are also
encompassed by the invention,

in another embodiment, the invention provides a peplide or polypeptide
comprising an epitope-bearing portion of a pelypeptide of the invention,
Palynucleotides encoding ibese pepiides or polypeptides are alss cacompassed
by the invention. The epitope of this polypeptide ponion is an immuhogenic or
antigenic epitope of a polypeptide of the invention. An “immunogenic epitope”
is defined a5 a part of a protein that efizits an antibody response when the whole
protein is the immunogen. On the other hand. a region of a protein molecule w
which an antibody can bind is d=fined as an "antigenie epitope.” The number of
imznunogenic epilc.:pes of 2 protein generaily is Jess than the number of antigenic
epitopes.  See, for instance, Geysen ¢f ol, Proc. Natl Acad. Sci USA
81:3998- 4002 (1983).

As 1o the selection of peptides or polypeptides bearing an antigenic
epitope (i.e., thal contain a region of 2 protein molecule to which an amibody
can bind}, it is weH known in that art that relatively shert synthetic peptides that
mimic part of a protzin sequence are roulinely capable of eliciling an amiserum
that reacts with the partially mimicked prowein. See, for instance, Sutcliffe, J.
G., Shinnick, T. M., Gieen, N. nd Leamer, R. A, (1983) "Antibodies that
reazt with predetermined sites on proteins”. Science, 219:660-666. Peptides
capable of eliciting proisin-reactive sera are frequemtly represented in the
primary sequence of a protein, can be characterized by 2 set of simpls chemical
rules, and are confined nejther 10 immunodominant regions of intact proteins
(i.x., immunogenic epitopes) nor to the amino or carbexy! terminals.  Antigenic
epitope-bearing peptides and polypeptides of the invention are therefore useful
to raise antibodies, iacluding monocional antibodies, that bind specifically 10 a
polypeptidz of the invemtion. See, for instance, Wilson &1 al., Cell 37:767-778
(1984) at 777.

Axntigenic spitope-bearing peptides and polypeptides of the invention
preferably conlain a sequence of af least seven, mare preferably at jeast nins
and most prefembly between about 15 10 about 30 amino acids contained within
the amino acid sequence of a polypepide of the invention. Noo-limiting
examples of antigenic polypeptides or peplides that can be used o penerate
Neurokine-n- andfor Neutrokine-2SV-specific antibodies include: 2 polypeptide
comprising amino asid residues from zbout Pbe-115 to about Lew-147 in
Figures IA and !B (SEQ ID NO:2); a polypeptid= comprising amino asid
sesidues from about le-150 1o about Tyr-163 in Figures 1A and 1B (SEQ ID
NO:2); a polypeptide comprising amino acid residues from about Ser-174 to
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about Phe-104 in Figures 1A and 1B (SEQ ID NO:2), a polypeptide comprising
aming acid residues from about Glu-223 1o about Tye-247 in Figures 1A and 1B
(SEQ ID NO:2); and a polypeptide comprising amino acid residucs from about
Ser-771 10 about Phe-278 i Figures 1A and 1B (SEQ ID NO:2). These
polypeptide fragments have been determined to bear antigenic epitopes of the
Nentrotine-a polypeptide by the analysis of the Jameson-Wolf antigenic index,
as shown in Figure 3 and Table I above.

Non-limiting examples of antigenic polypeptides or peptides thal can be
used to penerme Neutrokine-n- andfor Neumokine-aSV-specific antibodies
inclnde: 2 polypeptide comprising amino acid residues from about Pro-32 1o
about Leu-47 in Figores SA and 5B (SEQ IDNO:19); a polypeptide comprising
amino acid residoss from abowt Glu-116 to abowt Ser-143 in Figures 34 and
5B (SEQ ID NO:19); a polypeptide comprising amino acid residues from about
Phe-153 to abowt Tye-173 in Figures 5A and 5B (SEQ ID NO:19); a
polypeptide comprising amine acid residues from about Pro-218 to abowt
Tyr-227 in Figures 5A and 5B (SEQ ID NO:19); 2 pelypeptide comprising
amine acid residues from abowl Ala-232 Lo about Gin-241 in Figures SA and 5B
(SEQ) ID NC:19); a polypeptide comprising amino acid residuss from abowt
[l=-244 to sbout Alx-249 in Figures 5A and 5B (SEQ ID NO:19); and a
polypeptide comprising amino acid residucs from about Ser-252 10 about
Val-257 in Figures 5A and 5B (SEQ /D NO:19). Polynucleotides encoding
these polypeptides are also sncompassed by the invention.

These polypeptide fragments have been determined o bear antigenic
epitopes of the NeumokinewSV polypeptide by the analysis of the
Jameson-Wolf antigenic inflex, =s shown in Figure & and a tabular
representation of the data presented in Figure § generated by the Protean
camponent of ths DNA*STAR computer program {as set forth above).

The epitope-bearing peptides and polypeplides of the invention may be
produced by any conventional means. Ses, €.8. Houghten, R. A, (1985)
General method for the rapid solid-phase synthesis of large numbers of
peplides: specificity of antigen-antibody interaction ar the leve! of individual
amino acids. Proc. Newl. Acad. Sci. USA §2:5131-5135; this "Simultanecus
Multiple Peptide Synthesis {SMPS)" process is further described In U, S,
Patent No, 4,631,211 to Booghien et 2l. (1586).

Epitope-bearing peptides and polypeptides of the inveation are used to
induce antibodies according to methods well known jn the an  See, for
instance, Sutckiffe et al., supra; Wilson et al., supre; Chow, M. et al., Proc.
Nail, Acad. Sci. USA 82:910-914; and Bittle, F. 1. et 5l,, 1. Gen. Virol
66:2347-2354 (1985). Lmmunogenic epitope-bearing peptides of 1he invention,
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it., these parts of 2 protein that elicit o entibody response when the whole
protein is the Immunogen, are identified according to methods known in the art,
See, for instance, Geysen et al., supra. Further sill, U.S. Paem No.
3194352 10 Geysen (1990) describes 2 general method of detecting or
determining the sequence of monomers (amino acids or other compounds)
which is a tppological equivalent of the epitope (L., 2 "mimotope"} which is
compiementary (o a particular paralope (antigen binding sile) of an antibody of
interest. Mo geperally, U.S. Patent No. 4,433,092 1 Geysen (1989)
destribes a method of detecting or determining a sequence of monomers which
is a topographical equivalent of a ligand which is complementary to the ligand
binding site of a paricular receptor of interest.  Similarly, U.S. Patent No.
5480.571 o Hougblen, R. A. et al (1996) on Peralkylated Oligopsptide
Mixtures discloses linzar C1-CT-alkyl peralkylated oligopeptides and sets and
bbraries of such peptides, as well 25 methods for using such ofizopeptide sets
and libraries for determining the sequence of a peralkylated oligopeptide thar
preferentially binds to an acceplor molecule of interest.  Thus, non-peptids
analogs of the epitope-bearing peptides of the invention also can be made
routinely by these methods,

As ooe of skill in the an will appreciate, Neutokine-a and/or
Neutrokine-s5V polypeptides of the present invention and the epitope-bearing
fregments thereof described above can be combined with pans of the constan
domain of immupoglobulins (IzG), resulting in chimeric polypeptides. These
fusion proteins facilitate purification and show an increased halfJife in vivo,
This has been shown, e.g., for chimeric proteins consisting of the first two
domams of the human CD4-polypeptide and various domains of the constant
regions of the heavy or light chains of mammalian immunogiobulins (EP A
394,827, Traunccker ef af., Noture 331:84-B6 (1988)). Fusion proteins that
have a disulfide-linked dimeric structore due 1o Uz 126G part can also be mom
efficient in binding and neutrelizing other molesules than the monomeric
Neutrokine-o and/or Neutrokine-aSV polypeptides or polypeptide fragments
aione (Fountoulakis e al, J. Biochem. 270:3958-3964 (1595)).

To improve or alter the characteristics of MNewwrokine-a and/or
Nentrokine-aSV  polypeptides, protein engineering tnay be employed.
Recombinam DNA technology known to these skilled in ths an can be used o
creale nove] mutant proteins or “muteins including single or muhiple amino acid
substitutions, deletions, additions or fusion proteins.  Such modified.
polypeptides can show, e.g., cphanced activity or increased stability. In
addition, they may be purified in higher yields and show better solubility then
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the corresponding natural polypeptide, ai Jeast under certain purifieation and
storage conditions. For instance, for many proteins, including the extratelluar
domatn or the mature form(s) of a secreled protein, it is known in the ant that
ont 0f More AMino acids may be deleted from the N-terminus or C-lerminus
without substantal loss of biclogical function. For instance, Ron et 2k, J. Biol.
Chem., 268:2984-2088 (1993) reponed modified KGF proteins thar had
heparin binding activity even if 3, 8, or 27 amino-terminal amino acid residoes
wete missing.

In the present case, since the protcin of the inveation is a member of the
TNF polypeptide family, deletions of N-terminal amino arids up to the Gly (G)
residue at position 191 in Figures 1A and 1B (SEQ ID NO:2) may mrtain some
biological activity such as, for example, the ability to stmulate lymphocyte
{e-g., B cell) proliferation, differentiation, andfor activation, and cylotoxicity to
appropriac target cells.  Polypeptides having farther N-terminal delevons
including the Gly (O) mesidue would not be expecied to retain biological
activities decause it is known that this residue in TNF-related polypeptides is in
the beginning of the conserved domain required for biological activides,
However, even i delelion of one or more aming arids from the N-termious of a
pratein results in medification of loss of ene or more biological functions of the
protein, other functional uctivities may still be retained. Thus, the ability of the
shoriened protein to indoce andfer hind 1o antibodies which recognize the
complete or cxtacellular domain of the protein generally will be setained when
less than the majarity of the residues of the complete or exmaceiiular domnain of
the proiein are removed fom the N-terminus. Whether a particular polypeptide
lacking N-terminal sesidues of a complete protein refains such immunologic
activities can readily be detenmined by routine methods deseribed herein and
otherwise known in the ant.

Accordingly, the present invention further provides polypeptides having
one or more residues from the amino terminys of the amino arid sequence of the
Neutrokine-a shown in Figures 1A and IB (SEQ ID NG:2}, up to the glycine
residoe at posiion 191 (Gly-191 residue from the amino lermipus), and
polynucleotides encoding such polypeplides.  In pamicular, the present
invention provides polypeptides baving the amine acid sequance of residues
n'-285 of SEQ D NO:2, where n' is an integer in the range of the amino 2cid
position of amino acid residues 2-190 of the amino acid sequence in SEQ ID
NO:2. More in particular, the invention provides polynucleotides encoding
polypeptides comprising, or alternatively consisting of, the amino acid sequence
of residues 2-285, 3-285, 4-285, 5-285, 6-285, 7-285, 8-285, 9-285, 10-285,
11-285, 12-285, 13-285, 14-285, 15-285, 16-283, 17-285, 13-285, 19-285,
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70-285, 21-285, 22-285, 23-283, 24-2BS5, 25-285, 26-285, 27-285, 28-285,
29-285, 30-285, 31-285, 32-285, 33-285, 34-285, 35-285. 36-285, 37-285,
38-285, 39-285, 40-285, 41-285, 42-285, 43-285, 44-285, 45-285, 46-285,
47-285, 48-285, 49-285, 50-285, 51-285, 52-285, 53-285, 54-285, 55-285.
56-285, 57-285, 58-285, 59-285, 60-285, 61.285, 62-285, 63-285, 64-285,
63-285, 65-283, 67-285, 63-285, 69-285, 70-285. 73-28S, 72-285, 73-285.
74-285, T5-285, 76-285, T1.285, TB-2R5, 79-285, 80-285, 81-285, 82-285,
83-285, 84-285, B5-285, 86-285, 87-285, BB-285, 89-285, 90-285, 01-285,
92-285, 93-285, 94-285, 95285, 96-285, 97-285, 98.285, 99285, 100-285,
101-285, 102-285, 103-285, 104-285, 105-285, 106-285, 107-285, 108-285,
109-285, 110-285, 111-285, 112-285, 113-285, 114-285, 115-285, 116-285,
117-285, 118-285, 119-285, 120-285, 121-285, 122-285, 123-285, 124-285,
125-285. 126-285, 127-285, 128-285, 129.285, 130-285, 131-285, 132-285,
133-285, 134.285, 135-285, 136-285, 137285, 138-285, 139-285, 140-285,
143-285, 142285, 143-285, 144-285, 145-285, 146.285, 147-285, 148-285,
149-285, 150-285, 151-285, 152285, 153-285, 154-285, [55-285, 156.285,
157285, 158-285, 159-285, 160-285, 16]-285, 162-285, 163-285, 164-285,
165-285, 166-2B5, 167-285, 168-285, 169-285, 170-285, 171-285, 172285,
173-285, 174-285, 175-285, 176-285, 177-285. 178-285, 179-28S, 180-285,
181-285. 182-285, 183-285, 184-285, 185-285, 186-285, 187-285, 188285,
189-285, and 190-285 of SEQ D NO:2. Polynuclentides encoding these
polypeptides are also encompassed by the invention.

Similarly, many cxamples of biologizally functional Crterminal deletion
muleins are known. For instance, Interferon gamma shows up to 1tn times

- higher activities by deleting B-10 amino acid residues from the carboxy terminus

of the protein (Dibedi et al., J. Biotechnology 7:199-216 (1988). Since the
present protein is & member of the TNF polypeptide family, deletions of
Crterminal amino acids up t the leucine residue at position 284 are expecled lo
retain most if not all biological activity such as, for exarople, igand binding, the
ability to stimulaie lymphaeyts {e.g., B cell) proliferatios, differentiztion, and/or
activation, and modulation of cell replication. Polypeptides having deletions of
upto about 10 additional C-terminal residues (i.c., up to the plycine residue
position 274) also may rewin some activity such as receptor binding, although
suth polypeptides would Jack a portion of the conserved TNE domain which
extends 1o about Leu-284 of SEQ ID NO:2. However, even if deletion of one
Or more amino acids from the C-lerminys of 2 protein resuls in modification of
loss of ove or more biological funciions of the protein, other functional
aciivities may still be retained.  Thus, the ability of the shorencd Protin o
induee and/or bind 1o antibodies which recognize the complele or mature protein
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20-285, 21-285, 22-285, 23.285, 24-285, 25-285, 26-285, 27-283, 28-285,
29285, 30-28S5, 31-285, 32.285, 33.285, 34.285, 35-285. 36-285, 37-285,
38-285, 30-285, 40-285, 41-285, 42285, 43-285, 44-285, 45-285, 46-285,
47-285, 48-285, 49-285, 50-285, 51-2B5, 52-285, 53-285, 54-285, 55-285,
56-285, 57-285, 58-285, 59-285, 60-285, 61-285, 62-285, £3-285, 64-285,
63-283, 66-285, 67-285, 68-285, 69-285, 70285, T1-285, 72-285, 73-285,
74-285, 75-285, 76-285, 77-285, 78.285, 79-285, 80-2R5, 81-285, §2-2RS,
83-285, B4-285, 85-285, 86-285, 87-285, BE-285, 89-285, 50-285, 91-285,
$2.285, 93-285, 94-285, 95-285, 96-285, 97-285, 98.285, 99-285, 100285,
101-285, 102-283, 103-285, 104-285, 105-285, 106-285, 107-285, 108-285,
109-285, 1£0-285, 111-285, 112-285, 113-285, 114-285, 115-285, 116-285,
117-285, 118-285, 119-285, 120-285, 121-285, 122.285, 123-2B5, 124-2835,
125-285. 126-285, 127-285, 128-285, 129-285, 130-285, 131-285, 132-285,
133-285, 134-285, 135-285, 136-285, 137-2B5, 138-285, 139-2B5, 140283,
141285, 142-285, 143-285, 144.285, 145.285, 146-285, 147-285, 148-285,
149-285, 150-285, 151-28S, 152-28S, 153-285, 154-285, 155-285, 156-285,
157-285, 158-285, 159-285, 160-285, 161-285, 162.285, 163-285, 164-285,
165-285, 166-285, 167-285, 168-285, 169-285, 170-285, 171-285, 172-285,
173-285, 174-285, 175-285, 176.285, 177-2B5. 178.285, 179-2R5, 180.285,
181-285, 182-285, 183-285, 184-285, 185-283, 186-285, 187-285, 188-285,
189-285, and 190-285 of SEQ ID NO:2. Polynucleotides encoding these
polypeptides are also encompassed by the invention.

Similarly, many exarnples of biglogically functional C-terminal deletion
muleins are known. For instance, Interferon gamma shows up to ten times
higher activities by deleting 8-10 amino acid residues from the carboxy terreinus
of the protein (Dobeli e af., J. Bisrechnology 7:199-216 (1988). Since the
present protein i a member of the TNF polypeptide family, deletions of
C-terminal amino acids up 1o the Jeucing residoe at position 284 are expecied to
relain most if not all biclogicat aclivity such as, {or exampie, gand binding, the
ability to stimulate Jymphocyts {e.g., B cell) proliferstion, differemiation, and/or
activation, and modulation of cefl replication. Polypeptides having deletions of
up to about 10 addilional C-terminal residues (i.e., op to the glycine residue 2
posidon 274) also may retain some activity such as receptor binding, although
such polypeptides would lack a portion of the conserved TNF dorain which
extends to about Leu-284 of SEQ 1D NO:2. However, even if deletion of one
o more amiab acids from the C-lerminus of a prolein results in modification of
loss of ope or more biological functons of the protein, other functional
setvities may still be retained. Thus, the ability of the shortened protein to
induce andfor bind 10 antibodiss which recopnize the complete or mature protzin
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generzally will be retained when less than the majority of the residues of the
complets or matwe prolein are removed from the C-erminus. Whether a
particular polypeptide iacking C-terminal residues of a complete protein retains
such immonologic activities can readily be determined by routine methods
described henein and otherwise known in the ani,

Accordingly, the present invention further provides polypeptides having
one of more residues from the carboxy terminus of the amine acid sequence of
the Neatrokine-u shown in Figures JA and 1B (SEQ ID NQ:2), up 10 the
elycine residue at position 274 (Gly-274) and polynucleotides encoding such
poiypeptides. In panticular, the present invention provides polypeptides having
the anine acid sequence of residucs 1-m' of the amino acid sequence in SEQ ID
NO:2, where m' is any integer in the range of the amino acid position of aminp
arid residues  274-284 in SEQ D NO2. More in particular, the invention
provides polynucleotides encoding polypeptides comprising, or altematively
eonsisting of, the amino acid seguence of residuas [-274, 1-275, 1-276, 1-277,
1-278, 1-279, 1-280, 1-281, 1-282, 1-283 and 1-284 of SEQ ID NO2.
Polynucleotides encoding these polypsptides am also encompassed by the
invention,

Also provided are polypeptides having one or more amino acids deleted
from both the amine and the carboxyl tenmini, which may be described
generally as having residues n'-m' of SEQ ID NO:2, where n' and m' are
imegers as defined above. Also included are a nucleotide sequense encoding a
polypeptide consisting of a portion of the complete Neutrokine-s amino acid
sequence encoded by the deposited cDNA clone contained in ATCC Accession
No. 97768 where this portion excludes frore 1 to 190 amino acids from te
amine lemminus of from | to 11 amino acids from the C-termious of the
complet= amino acid sequence {or any combination of these N-terminal and
C-ierminal deletions) encoded by the cDNA clone in the deposited clone.
Polynucleotides encodiog all of the above dsletion palypeptides  are
encompassed by the invention.

In specific embodiments, the following N- andfor C-ierminally defeted
polypeptide fragments of Neutrokine-a andfor Neutrokine-aSV are preferred:
amino acid residues Ala-71 through Len-285, amino acid residues Ala-81
through Leu-285, amino acid residees Leu-112 through Lew-285, amino acid
residues Ala-134 throvgh Leu-285, amino acid residues Lew-147 through
Leu-285, and aming achd residues Gly-161 through Lew-285 of SEQID NO:2.

Furthermore, since the predicted extracellar domain of the
Neuvirokive-x polypeptides of thz invention may Hself elicit biological activity,
deletions of N- and C-terminal amino acid residues from ihe predicied
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eawacellular region of the polypeplide (spanning positions Gin-73 10 Leu-285 of
SEQ ID NO:2) may relain sorat biojogical activity such as, for example, ligand
binding, stimuiation of lymphocyte {¢.g., B cell) proliferation, differentiation,
andfor activation, and modulation of cell replication or modutation of 1arget celi
activities, However, even if deletion of one or more amino acids from the
N-termious of the predicted extracellutar domain of 2 Neuiroking-s polypeptide
resulls in modification of Joss of ene or more biolopical functions of the
polypeptide, other funetional activities may sill be retained. Thus, the ability of
the shortened polypeptides to induce andfor bind 1o antibodies which recognize
the complete or manwe or extraceliular domains of the polypeptides generally
will be retained when less than the majority of the residues of the complete or
matwe or extracellular domains of the polypeptides are removed from the
N-ierminus. Whether a particular polypeptide lacking N-terminal residues of a
complele polypeptide reiains such immunologic activites can readily be
determinad by routine methods described herein and otherwise known in the an.

Accordingly, the present invention farther provides polypeptides having
one or more Tesidues deleled from the amino werminus of the amino acid
sequence of NevtroKint-a shown in SEQ ID NO:Z, up to the plycine residue o
position number 280, and polynucleotides encoding such polypeptides. In
particular, the present invention provides polypeptides comprising the amino
acid sequence of residues n’-285 of SEQ ID NO:2, where o is an imeger in the
fange of ihe amino acid position of aming acid residues 73-280 in SEQ ID
N2, and 73 is the pesition of the first residue from the N-terminus of the
predicted extracellular domain of the Newrokine-: polypepide [disclosed in
SEQ D ND:2).

More in particular, in certain embodiments, the invention providss
polymucleotides encoding polypeptides comprising, or alternatively consisting
of, the amine acid sequence of residues of Q-73 10 1-285; G-74 to L-285; D75
o E-285: L-76 to L-285; A-T7to L-285; §-78 10 L.-285; L-79 10 L-285; R-80 1o
L-285; A-81 to L-285; E-B2 10 L-285; L-83 to 1.-285;, -84 1o 1.-285; G-85 10
1.-285; H-86 1o L-285; H-87 to L-285; A-88 10 L.-285; E-BY to L-2B5: K-90 10
L.-285;,1-91 to L-283; P-82 10 L-285; A-93 10 L-285; G-94 to L-285; A-95 w0
L-285; G-96 1o L-285; A-97 to L.-285; P-08 10 L-285; K-99 10 L-285; A-100 to
L-285; G-101 1o L-285; L-102 1o L-285; E-103 o L-285; E-104 10 L-285;
A-105 to L-285; P-106 1o L-285; A-107 w L-285; V-108 1o L-285; T-109 1o
L-285. A-110 10 L-285; G-111 to L-285; L-}12 to L-285; K-113 10 1.-285;
L-1id 1o L-285; F-115 to L-285; E-116 10 L-285; P-i17 10 1.-285; P-118 10
L-285; A-119 to L-2853; P-120 1o L-285; G-121 w0 L-285; E-122 10 L-285;
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G-123 10 L-285; N-124 10 L-285: 5-125 1o L-285; 5126 10 L-285; Q-127 10
L-285; N-123 10 1-285; 5-129 to L.285; R-130 10 L-285; N-I3] 10 L-285;
K-132 to L-285; R-133 to L-285; A-134 to L-285; V-135 to 1.-285: Q-136 to
L-285; G-137 1 L-285; P-138 10 L-285; E-139 to L-285; E-140 10 L-285:
T-141 10 £-285; V-142 to L-285; T-143 to 1-285; Q-144 1w L-285; D-145 10
L-285; C-146 to 1-285; L-147 10 1.-285; -148 10 L.-285: 1149 to L.-285: 1-150
10 L-285; A-151 to L-283; D-152 0 L-285; §-153 1 L-285; E-154 1o L-285;
T-155 to L-285; P-156 10 L-285; T-157 to L-285; 1-158 1o L-285: Q-i59 w
L-285; K-160 10 L-285; G-16] 10 L-285; $-162 to L-285; Y-163 1o 1-285;
T-164 1o L-285; F-165 to L-285; V-165 to L-285; P-167 1o L-285; W-168 1
L-285; L-169 to L-285; L-170 10 L-285; S-171 1o L-285%: F-172 to L-285;
K-173 10 L-285; R-174 to L-285; G-175 1o 1-2BS5; 5-176 10 L-285; A-1T7 ©
L-285; L-178 o 1-285; E-17% 10 L-285; E-180 10 L-285; K-13] to 1-285;
E-182 1o L-285; N-183 1o L-285; K-184 10 L-285; I-185 to L-285; L-186 w
L-285; V-187 to L-285; K-188 10 L-285; F-189 1o L-285: T-150 to 1-285;
G-191 1w L-285; Y-192 w L-285; F-193 10 L-285%; F-194 v L-285; 1195 ©
1-285; ¥-196 10 L-285; G-197 1o L-285; 158 10 L-285; V-199 1> L-285:
L-200 10 L-285; Y-201 w0 L-285; T-202 1 L-285; D-203 10 L-285; K-204 1o
L-285; T-205 o L-285; Y-206 to L-2BS: A-207 1o L-285; M-208 1o L-283;
G-209 to 1.-285; H-210 1o 1L-285; L-211 10 L-285; 1-212 to L-285; Q213 ©
L-285; R-214 10 L-285; K-215 10 L-285: K-216 10 L-285; V-217 10 1.-285;
H-218 10 L-285; V-219 10 L-285; F-220 to 1.-285; G-22) to L-285: D-122 10
L-285: E-223 10 L-285; L-224 10 L-285; 5-225 1o 1-285; L-226 10 1-285;
¥-227 10 L.-285; T-228 to 1.-285; 1-229 1o 1.-285; F-230 to L-285: R-231 1o
L-285; C-232 (o L-285; ]-233 10 L-285; Q234 10 L-285; N-235 1o L-285;
M-236 10 L-285; P-237 10 L-285; E-238 10 L-285; T-230 to L-285; 1.-240 10
L-285; P-241 1o L-285; N-242 w L-285; N-243 1o 1.-285; $-244 10 1-285:
€-245 to L-285; Y-246 1o L-285; 5-247 to 1.-285; A-248 10 L-285; G-249 1
L-285; 1-250 w L-285; A-251 1o L-285; K-252 1o L-285: 1.-253 (o L-285;
E-254 10 1-285; E-255 10 1.-285; G-256 to 1.-285; D-257 1o L-285; B-258 1o
L-285; L-259 to L-28S5; (-260 1o L-285; L-261 to L-285: A-262 to L-285; 1263
to L-285; P-264 to L-285; R-265 lo 1.-285; E-266 1w L-285; N-267 1o L-285;
A-268 to 1-285; Q-269 10 L-285; 1-270 to L-285; $-271 to L-285: L-272 1o
L-285; D-273 w0 L-285; G-274 to L-285; D-275 1o L-2B5; V-276 to 1.-285;
T-277 10 L-285; F-278 10 L-285: F-279 10 L.-285; and G-280 1o L.-285 of SEQ
1D NO:2. Polynucleotides encoding these polypeptides are also encompassed
by the inventioa. :

Similarly, deletions of C-terminal amino acid residues of the predictad
extracelinlar domain of Neutrokine-a up 1o the leucine residue at position 79 of
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SEQ 1D RO:2 may retain some biological activity, such as, for example, ligand
binding, stimulaton of lymphocyte {¢.g., B ccll) proliferation, differentiation,
andfor activation, and modulation of cell replication or modulation of tarpet cell
activities. Polypeptides baving further C-tzrminal deletions inchuding Lew-79 of
SEQ 1 NO:2 would not be expecied 10 retain biological activitics,

However. even if deletion of one or more amino zcids from the
C-termainus of a polypeptide resulis in moedification of loss of one or more
biological functions of the polypeptide, other functiona] activities may stil} bs
retained. Thus, the ability of the shorened polypeptids to induce and/or bind to
entibodies which recognize the complets, mature or extracellular forms of the
polypeptide penerally will bz retained when less than the majority of the
residues of the complete, matre or extraceliular forms of the polypeptide are
removed from the Culerminus. Whether a particular polypeptide lacking
C-erminal residues of the predicted extracellular domain retains such
immunologic activities can readily be determined by rouline methods described
herein and otherwise known in the an.

Accordingly, the presen! invention further provides polypeplides having
one or more residucs from the casboxy terminus of the amino acid sequence of
the predicted extracellular domain of Neutroking-a shown in SEQ ID NO:2Z, up
lo the lcucine residue at position 79 of SEQ ID NO:2, and polynucleotides
encoding such polypeptides. In particular, the pressat invention provides
polypeptides having the amino acid sequence of residues 73-m” of the amine
acid sequence in SEQ ID NO:2, where m? is apy integer in the range of the
amino acid position of amino acid residues 79 10 285 in the zmino acid sequence
in SEQ ID NO:2, and residue 78 is the position of the first residue at the C-
tepminus of the predicted extracellular domain of the Neutrokine-a polypeplide
{disclosed in SEQ ID NO:2).

Mere in particular, in certain embodiments, the invention provides
polynucleotides encoding polypeptides comprising, or aliematively consisting
of, the amino acid sequence of residues Q-73 1o Lew-285; Q-73 10 L-284; Q-73
to K-283; Q-73 10 L-282; Q-73 10 A-281; Q-73 to G-280; Q-73 1o F-27%; Q-73
to F-278; Q-73 to T-277; Q-73 to V-276: Q-73 to D-275; Q-73 to G-274; Q-73
to D-273; Q73 10 L-272; Q=73 10 8-271; Q-73 10 1-270; Q-73 to Q-269; Q-73 to
A-268; Q-73 to N-267; (-73 to E-266; -T3 to R-265; Q-73 10 P-264; Q- 73 10
1263, Q-73 w A-262; Q73 1o L-261; Q-73 10 Q-260; Q-73 10 L-259; Q-73 to
E-258; Q-73 10 D-257; Q73 to G-256; Q-73 10 E-255; Q- T3 0 E-254; Q- 73 10
L-253: Q-73 10 K-252; Q-73 to A-25%; Q-73 10 3-250; Q-73 10 (5-245; Q-T3 10
A-248; Q-73 10 5-247; Q-T310 ¥-246, Q-73 10 C-245; Q7310 5-244, QT3 ©
N-243; Q-T3 10 N-242; Q-73 10 P-241; Q-73 to L-240; Q73 10 T-23%; @¢-T3 10
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E-238; Q-73 to P-237: Q-73 10 M-236; Q-73 to N-233; Q73 to Q-234; Q-T3 10
1-233, Q-73 to C-232: -73 10 R-23Y; Q73 1o F-230; Q7310 L-229; Q-73 10
T-228; Q-73 to V227, Q73 10 L-226; Q-73 10 8-225; -73 10 L-224; Q=73 1o
E-223; Q73 10 D222 G- T3 10 G-221; Q-73 to F-220; Q-73 to V-219; Q-T3 1o
H-218; Q-73 t0 V-217; Q-73 10 K-216; Q-73 10 K-215; @73 to R-214; Q-T3 10
Q-213; G730 -212: Q-73 to L-21}; G-73 10 H-210; Q73 10 G-209; Q-T3 10
M-208; Q-73 to A-207; Q-73 10 Y-206; Q-73 10 T-205; Q-73 to K-204; QT3 w
D-203; -73 10 T-202; Q-73 10 Y-201; Q-73 to L-200; Q-73 to V-19%: Q-T3 1o
Q-198; -3 10 G-157; =73 10 Y-196; -73 10 1-195: Q73 10 F-194; Q73 1o
F-193; Q-73 10 ¥-192; Q73 10 G-191; Q-73 10 T-19%; -73 10 E-189; Q-73 o
K-188; Q-73 10 V-187; Q-73 1o L-186: Q-73 to 1-185; Q73 to K-184; Q-73 to
N-183; Q-73 to E-182, Q-73 10 K-18): Q-73 to E-180; Q73 1o E-179; Q- T3 1o
L1178, Q-0 A-177 QT3 0 8176, Q-73 10 G-175; @73 10 R-174; Q-3 10
K173 QT3 w F-174, Q-73 10 5-171; Q-73 10 L-170; Q-73 w L-16%; Q-73 10
W-168; Q-73 to P-167; Q-73 1o V-166; Q-73 10 F-165; Q-73 1o T-164; Q7w
Y-163; Q-73 10 5-162; Q-73 10 G-16); Q-73 to K-160; Q-73 10 Q-159; QN
:158; Q-3 10 T-157; Q-73 10 P-156; - 73 10 T-155, Q73 0 E-154; Q-3 w0
$-153, Q-73 10 D-152; Q-73 1o A-15L: Q-73 10 1-150; Q-73 to L-149; Q-T3 w0
Q148 Q- 73 o L- 14T QT3 10 C-146: Q73 10 D-145; Q7310 Q- 144; QT3 10
T-143; Q-3 10 V- 142; Q-73 to T-141; -73 10 E-140; Q-73 10 E-139; B w
P-138; Q73 0 G-137; Q-73 10 Q-136; Q-73 10 V-135; Q-73 to A-134; Q-T3 1o
R-133:Q-73 10 K-132; Q73 10 N-131: G-73 10 R-1305 Q-73 10 5-129: Q1w
N-128; Q-3 to Q-127; Q-73 10 5-126; Q-73 to §-125; Q-3 10 N-124; Q-73 10
G-123: Q-T310 E-122; Q-73 10 G-121; Q73 to P-120; Q-73 to A-119; B
PUBE QB P CBwENG QB0 QB 0l l14 0B n
K-113Q-73 10 L-112; Q7310 G-111: Q73 10 A-110; Q73 to T-109; Q73
V-108; Q-73 10 A-107: Q73 to P-106; Q-73 to A-105; Q-73 to E-104; QT3 10
E-103; Q-73 1w L-102; Q-73 10 G-10): Q-73 to A-100; Q-73 10 K-99; Q-73 1o
P98, Q-73 10 A-97; Q-T3 10 G-96; Q-73 10 A-BS5; Q-73 0 G-94; 73 10 A-93;
Q7310 P-92; Q-73 10 L-91; @73 to K-90; Q73 10 E-89; Q-73 10 A-88; Q-73 10
H-87; Q-73 10 H-86; Q73 10 G-85; Q-73 to Q-84; Q-73 to L-83; Q-73 to E-8%
Q73 10 A-Bl; Q73 w R-80; and Q-73 w0 L-79 of SEQ ID NO:2
Polynucleotides encoding these polypeptides are also encompassed by the
invention,

The invention also provides polypeptides having ons or morc amino
acids deleted from both the amino and the carboxyl termind of the predicted
exracellalar domain of Neumokine-s, which may be described peneally as
having residues o*-m’ of SEQ ID NO:2 where n' and m? are inlegers as dsfin=d
above.
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In another embodiment, a nucleotide sequence encoding a polypeptide
consisting of a portion of the exmacellular domain of the Neutrokine-a amino
acid sequapee encoded by the cDNA clone contained in the deposit having
ATCC accession no. 97768, where this portion exciudes from ] to aboul 206
amine acids from the amino tennines of the extracelular domain of the amine
acid sequence epcded by the cDNA clone contained in the deposit havisg
ATCC accession no. 97768, or from 1 to about 206 amino zcids from the
carboxy terminus of the extacellular domain of the amino asid sequence
epcoded by the ¢DNA clone contained in the deposit having ATCC accession
no. 57768, or any combinatior of the above amino terminal and carboxy
erminal deletions, of the entre extraceilular domain of the amino acid sequence
encoded by the cDNA clone contained in the deposit having ATCC accession
no. 97768,

As mentioned above, even if delelion of one or more amino acids fom
the N-ierminos of a polypeptids resubs in modification of loss of one or more
fonctional activities {e.g., biological activity) of the polypepiide, other functions
or bivlogical activitics may stil} be retained. Thus, the ability of a shonened
Neutrokine-a mutzin 1o induce andfer bind 1o antibodies which rrognize the
full-length or mature forms or the extracchular domain of the polypeplide
penerlly will be rewined when less than the majority of the residuss of the
full-lengih or matwre o extracellular domain of the polypeptide are removed
from the N-terminus. Whether 2 panicular polypeptids Jacking N-terminal
tesidues of 2 complele polypepiide remins such immunologic activides can
eadily be detenmined by routne methods described herin and otherwise
known in thz art. It is not ualikely -that a Newtrokine-a muiein with a large
nmber of deleted N-terminal amino acid residucs may retain some functional
{e.g., biclogical or immunogenic) activities. In fact, peptides composed of as
few as six Neutokine-z amine acid residues may often evoke an immune
response,

Accordingly, the present invention further provides polypeptides having
one or more residuss deleted from the amino terminus of the predicled
full-Jength amine acid sequence of the Neutrokine-a shown in SEQ 1D NO:2, up
to the giycine residue al position number 280 of the sequence shown SEQ 1D
NO:2 and polynucleotides encoding such polypeptides. In parGcular, the
present investion provides polypeptides comprising the amine acid sequence of
residues 1-285 of the sequence shown in SEQ ID NO:2, where 1’ is an imeger
in the range of the amine acid position of amine acid residues | 1o 280 of the
aming acid sequence in SEQ ID NO:2.
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Mose in particular, the invention provides polynurleotides encoding
polypeptides comprising. or altematively consisting of, the amino acid sequence
of residues of D-2 10 L-285; D-3 10 1.-285;: 54 1o L-285; 15 1o L-285; B-6 w0
L-285; R-7 10 L-2B5; E-B 1o L-285; Q-5 10 L-2R5: S-10 10 1-285; R-il w
1-285; L-12 10 L-285; T-13 10 1-285: §-14 10 1-285; C-15 10 L-28S; L-16 1o
L-285; K-17 to L-285; K-18 to L-28S5; R-19 10 L-285; E-20 to L-285; E-21 1o
L-285; M-22 10 L-285; K-23 to L-285; 1-24 10 L-285: K25 10 L-285 E-26 1o
1-285; C-27 to L-285; V-28 to L-285; 5-29 10 L.-285: 1-30 10 L-285; 1-3]1 1o
L-285; P-3210 L-285: R-33 10 L-285; K-34 to L-285; E-35 10 L-285; 5-36 10
1-285; P-37 1 L-285; §-38 10 L-285; V-39 1o 1-285; R-40 1o L-285: 5-41 to
L1.285; 5-47 10 1.-285; K-43 to L-285; D44 10 1-285; G-45 1o L-285; K46 10
L-285; 147 10 L-285; L48 10 L-285; A-49 to L-285; A-50 to L-285; T-51 1o
1.-285; 1-52 to L.-2BS; L-53 10 L-285; L-54 1o L-285; A-55 to 1-285 L-56 w0
1-285; L-57 ta L-285; 5-58 to L-285; C-59 10 1-285. C-60 10 1.-285: L-6] 1
L-285; T-62 to L-285; V63 10 L.-285; V-84 to L-785; 5-65 o L-245: F-66 10
L-285: Y-67 to L-285; Q-68 10 L-285; V-89 1p [-285; A70 10 1285 A-T1 10
L-285,L-72 to L-285; Q-73 10 L-285; G-74 10 L-285: D-75 10 L-285; L-76 o
L-283; A-77 10 L-285; S-78 to L-285; L-79 10 L-285; R-BD to L-2B5; A-8] m
L-2B5; E-82 10 1.-285; L-83 10 L-285; (Q-B4 10 L-285: G-85 1o 1-285; H-36 to
L-285; H-87 10 L-285; A-88 1o L-285; E-89 10 L-285; K-90 1o L-285; L-9] u
L-285; P-92 10 L-285; A-93 10 L.285: G-84 1p L-285; A-95 10 1.-285; G-96 o
L-285; A-97 10 L-285; P-98 to L-28S: K-99 1o L-285; A-100 10 L-285; G-10)
io 1265, L-102 10 L-285; E-103 1o L-285; E-104  L-285; A-105 10 L-285;
P-106 to L-285; A-107 10 1.-285: V-108 1o L-285; T-109 to L.-285; A-110 1o
L2835 G-11} to L-285; L-112 to L-285: K-113 1o L-285; 1114 1o 1.-285;
F-115 10 L-285; E-116 to L-285; P-117 w L-285; P-113 10 1.285; A-119 1o
L-285; P-120 1o L-285; G-121 w0 L.285; E-122 10 L-285; G-123 1o L-285;
N-124 10 1-285; §-125 10 L-285; 8-126 10 L-285; Q-127 to L.-285; N-128 1w
1-285; 5-129 10 L-285; R-130 to L-285; N-131 1o L-285; K-132 to L-285;
R-133 10 L-285; A-134 to L-285; V135 10 L-285; Q-136 to L-285; G-137 to
1.-285; P-138 10 L-285; E-139 10 1-285, E-140 1 L-285; T-141 to L-285;
V-142 10 L-285; T-143 10 L-285; Q144 10 L-285; D-145 10 L-285; C-146 10
L-285; L-347 10 L-2B5; Q-148 1o L-285: L-149 19 L-285; 1-150 10 L-285; A-15}
to L-285; D-152 to L-285; S-153 10 L-285; E-154 12 1-285: T-155 10 1-285;
P-156 1o L-285; T-157 1o L-285; I-158 1o 1..285; Q-159 10 L-285; K-160 10
1-285; G-161 to L-285; 5-162 w L-2B5; Y-163 10 1-285; T-164 10 L-285;
F-165 10 1-285; V-166 w L-285; P-167 to L-285; W-168 to L-285; L-169 to
L-285; L-170 to L-285; 5-171 1 L-285; E-172 to L-285: K-173 o 1.285;
R-174 10 L-285; G-175 10 1.-285; S-176 10 L-285; A-177 to L-285; L-178 to
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1-285; E-179 1o L-285; E-180 to L-285; K-181 1o L-285; E-182 10 L-285;
N-183 1o L-285; K-184 10 L-285; 1-185 o L-285; L-186 10 L-285; V-187 10
L-285; K-188 to 1-285; E-189 10 L-285; T-190 tv L-285; G151 1o L-285;
Y-152 to 1-285; F-193 1o L-285; F-194 to L-285; I-195 lo L-285; Y-196 10
1-285; G-157 to L-28%: Q-198 to 1L-285; V-199 1w L-285; L-200 1o L-283,
¥.201 o L-285; T-202 to L 285 D-203 1o L-285; K204 10 L-285; T-205 1o
L-28%: Y-206 10 L-285; A-207 1w L-285; M-208 10 L-285; G-209 1o L-285;
H-210 10 L-285; L-211 1o L-285; 1212 1o L-285; Q-213 1o L-285; R-214 10
L-285; K-215 10 L-285; K216 to L-285;, V-217 1o L-285 H-218 to L-285;
V-219 10 L-285; F-220 10 L-285; G-221 10 1.-285; D-222 10 1-285; E-223 0
L-285; L-224 10 L-285; 5-225 10 L-285; L-226 1o L-285; V-227 1o L-285;
T-228 10 L-285; L-229 to L-285; F-230 to L-285; R-231 1o L-28% C-232 o
L-283; 1-233 to L-285; (-234 10 L-285; N-235 10 L-2B5; M-236 10 1-285
P-237 10 L-285; E-238 10 L-2R5; T-239 1w L-285; L-240 to L-285; P-241 1o
L.285: N-242 to L-285; N-243 1o L-285; 5-244 o L.285; (245 1o L-285;
Y.246 10 L-285; 5-247 to L-285; A-248 10 L-285; G-249 10 1.-285; [-250 10
L-285: A-75% 1o L-285; K-252 1o L-285; L-253 10 L-2R5; B-234 1o L2853
E-255 to L-285; G-256 1o L-285; [3-257 to L-285; E-258 w L-285; L-25% 15
L-2B5; Q-260 to L-285; L-261 1o L-285; A-262 10 1-285, 1-263 to L-285; P-264
10 1.-285; R-265 10 L-285; E-266 to L-283; N-267 to L-285: A-268 10 1-285;
Q-269 10 L-285; 1270 1o 1-285; 5-271 10 L-285: L-272 10 L-285; D273 10
L-285; G-274 to L-285; D-275 10 L-285; V-276 to L-2B5; T-277 © 1285,
F-278 o L-285; F-279 10 L-285; and G-280 1o L-285 of SEQ ID NO:2L
Polynacleotides encoding these polypeplides am also encompassed by the
invention,

Also 35 mentioned above, even if deletion of one or more amino acids
from the C-terminus of 2 protein results in modification of Joss of one or more
functional activities (¢.g., biological activity} of the protein, other functional
activisies may sill be mmined. Thus, the ability of a shonened Newlrokine-s
mustein 10 induee and/or bind 0 antibodics which recognize the complete or
mange form or the extracellolar domain of the polypeptide generally will be
retained when Jess than the majodty of the residues of the compleie or mature
form or the exmacelinlar domain of the polypeptde are removed from the
C-termints. Whether a particular polypeptide facking C-terminal residuzs of a
complete polypeptide retains such immunologic activities con readily be
determinzd by routine mathods described berein and otherwise known in the an,
It is not unfikely that a Neutrokine-s tmutein with a large nwmber of delei=d
C-1erminal amino acid residues may retain some functional {e.g., biological or
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immunogenic) activities. In fact, peptides composed of as few as six
Neutrokine-a amino acid residues may ofien evoke an immune E5DORSE.

Accordingly, the present invention Further provides in  another
embodimeat, polypeptides having one or more residues deleted from the
carboxy ierminus of the amine acid seguence of the Neurokine-s shown in SEQ
ID NO2, up to the ghuamic acid residue a position number 6, and
polynuckatides encoding such polypeptides. In pamicular, the presznt
invention provides polypentides comprising the aming acid sequence of residues
1-m’ of SEQ ID NO:2, where m® is an integer in the range of the amino acid
positicn of amino acid residues 6-284 of the amino acid sequence in SEQ D
NO:2,

More in particular, the invention provides polynucleotides encoding
polypepiides comprising, or alernatively consisting of, the amiso acid sequence
of residues M- to L-284; M-1 1o K-283; M-1 to L-282; M-1 16 A28l M-1 1o
G-280; M-1 to F-279; M-1 to F-278; M-1 to T-277; M-1 to V-276; M-l o
D-275: M-1 10 G-274; M- 10 D-273; M-1 1 L-272%; M-l 1o 5274 M-1 1o
R270 M1 1o Q-26% M-l 1o A-268: M-1 o N-267: M-I 1o E-266; M-1 1o
R-265; M-1 10 P-264; M-1 1o 1-263; M-} 10 A-262; M-1 10 L-25}; M-1 o
Q-260: M-1 to L-259; M-} 1o E-258; M-1 10 D-257; M-! 1o G-256: M-1 o
E-255 M-1 10 E-254; M-1 1o L-253; M1 1o K-252; M-1 10 A-258 M-l 1o
E250, M-1 1o G-249; M-1 10 A-248; M-1 to 5-247: M-1 10 Y-246; M-l 1o
C-245; M-1 10 5-244; M- 16 N-243; M-1 10 N-242; M-1 10 P-241: M-] 1o
L-240; M-1 10 T-239; M-1 to E-238; M1 1o P-237%; M-1 10 M-236: M1 1o
N-235: M-1 10 Q-234; M-} o 1-233; M-] 10 C-232: M-1 1o R23; M1 o
F-230; M-1 to L-229: M-1 10 T-228; M-1 to V-227; M-1 10 L-226; M-1 1o
5-225; M-l 1o L-224; M-1 to E-223%; M-} to D-222; Mel io G-221; M1 10
F-220; M-1 1o V-2i% M-} 10 H-218: M1 1o V-217; M- to K-216; M-1 1
K-215; M-1 o R-214; M-1 10 Q-213; M-1 10 1-212; M-1 10 L2211 M- 1o
H-210; M-1 10 G-209; M-1 to M-208; M-1 1o A207; M-1 1o Y-206: M-1 10
T-205; M-! w0 K-204; M-1 to D-203; M-1 16 T-202; M-1 10 Y-203; M-{ 10
L-200; M-I to V-199; M-1 10 Q-198; M-1 0 G-197; M-1 1o Y-196; M-1 10
1-195; M-1 to F-194; M-1 10 F-193; M-1 to Y-192; M-} 1o G-191; M-1 10
T-190; M-1 to E-189; M-1 1o K.188; M-1 10 V-187; M-} 1o L-1BG; M- 10
1-185; M-1 to K-184; M-1 10 N-183; M-1 1 E-182; M-1 0 K-181; M-1 16
E-180; M-I 10 E-179; M-1 to L-178; M-1 16 A-17%: M-1 10 5-176; M-1 10
G-175; M-l to R-174; M-1 w0 K-173; M-l 0 F-172: M-1 1o 517 M-1 1o
L-170; M-1 to L-16%; M-1 to W-168; M-} (o P-I6T; M-1 to V-166; M-1 w
F-163; M-1 10 T-164; M-I 10 Y-163; M-1 10 S-162: M-I 10 G-161; M-1 1o
K-160; M-1 10 Q-13% M-! to [-158; M-1 1o T-157: M-] 1o P-156; M-t
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T-155, M-1 10 E-154; M-1 to §-153; M-1 to D-152; M-1 1o A-151; M1
1-150; M-} 10 L-149; M-1 to Q-148; M-t 10 L-147; M-1 1o C-146; M-]
D-145; M-1 10 Q-144; M-] to T-143; M-1 1o V-142; M-1 1o T-}41; M-I
E-140; M-1 10 E-139; M-I to P-138; M-1 1o G-137; M-1 1o Q-136; M-]
V-135; M-1 10 A-134; M-1 to R-133; M-1 1o K-132; M-1 10 N-131; M1 10
R-13(%: M-l w0 5-129; M-1 to N-128; M-1 te Q-127; M-1 to 8-126; M-1 1o
5-125; M-1 1o N-124; M-1 to G-123; M-1 1o E-122; M-1 10 G-121; M-1 10
P-120; M-1 to A-119; M-1 to P-118; M- to P-117; M-1 to E-116; M-l ©
F-115; M-1 1o I-114; M-1 10 K-113; M-1 1o L-312; M1 e G-111; M-1 0
A-110; M-1 10 T-109: M-1 10 V-108; M-I 1o A-107; M-] 10 P-106; M-1 10
A-105; M-) 10 E-104; M- 10 E-103; M-1 10 L-10Z; M-1 1o G-100: M-} o
A-100; M-1 10 K-99; M-1 to P-98; M-1 to A-97; M-1 10 G-96; M-1 10 A-95;
M-1 10 G-94; M-1 10 A93: Ml 10 P92, M-1 0 L9 ML 1o K90 M-l o
E-89: M-} to A-88; M-1 1o H-87; M-1 10 H-86; M-1 to G-85; M-I to -34; M-1
1o L-83; M-1 10 E-82; M-1 to A-B1; M-I to R-80; M-1 to L-79; M-I to 5-78;
M-110 A-77: M-1 o L-76; M-1 10 D-75; M-1 to G-74; M-1 to Q-73; M-1 10
1-72; M-1 10 A-71; M-] to A-70; M-1 1o V-69; M-I 10 Q-68; M-1 10 Y-67, M:1
to F-66; M-1 to §-65; M-1 to V-64; M-1 to V-63; M-1 10 T-62; M-I 10 L-6};
M-1 to C-60; M-1 10 C-55: M-! to 5-58; M-1 10 L-57; M-J to L-36: M-1 10
A-55; M-l 10 L-54: M-1 to L-53; M-l to L-52; M-] to T-31; M-I w0 A-30; M-1
to A-69; M-1 10 L48; M-1 1o L47; M-1 10 K~46; M-1 to G45; M-1 to D44;
M-1 to K43; M-1 10 §5-42; M-I 1o 5-41; M-1 10 R40; M-1 10 V-39; M-l 1©
$-38; M-1 10 P-37; M-1 10 §-36; M-1 1o E-35; M-} to K-34; M-1 10 R-33; M1
to P-32; M-I 10 L-31; M-1 10 1-30; M-1 to 5-29; M-1 1o V28; M-1 to C-27;
M1 to E-26; M-1 10 K-25; M-1 10 L-24; M-} 0 K23 M-D 1o M-22 Mol o
E-21; M-1 16 E-20; M-I to R-19; M-1 1o K-18; M-1 to K-17, M-1 1o L-16; M-}
1o C-15; M-1 1o 5-14; M-I to T-13; M-] to L-12; M-} to R-11; M-1 10 5-19;
M-1 1o O-9; M-} o E-8; M-1 1o R-7; end M-] 10 E-6 of SEQ ID NO:2.
Polynucleotides encoding these polypeptides are also spcompassed by the
invention.

The invention also provides polypeptidss having one or more aming
acids deleted fom both the amino and the carboxyl termini of @ Neutroking-a
polypeplide, which may be described gencrally as having residues n'm’ of
SEQ ID NO:2, where n’ and m® are inlegers 25 defined above.

Furthcrmote, since the predicted exvacellular domain of the
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Neugokine-aSV polypeptides of the invention may itself elicit functional 2etvity
{e.g.. bidlogical activity), deletions of N- and C-ierminal amine armsd residues
from the predicted extraceliular region of the polypeptide at positions Gln-73 1o
Lsu-266 of SEQ ID NO:19 mey rciain some functional activity, such as, for
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example, ligand binding, to sumutation of lymphocyte (eg. B cell)
proliferation, differentiation, and/or activation, modulation of cell replication,
modulation of target cell activities and/or immunogenicity. However, even if
deletion of one or more amine acids fom the N-terminus of the predicted
extracellular domain of 2 Newtrokine-2SV polypeptide resulls in modification of
foss of ane or more functional activities of the polypeptide, other fimetional
activities may still be retained. “Fhus, the ability of the shortened polypepides o
indvee and/or bind 10 antibodies which recognize the complete or mature or
extracellular domains of the polypeptides generally will be retained when Jess
than the majority of the residucs of the complete or manre or extracellular
domains of the polypeptides are removed from the N-terminus.  Whether a
particular pelypeptide lacking N-terminal residues of 3 complete polypeptide
retains such immunologic activities can readily be detepmined by routine
methods described herein and otherwise known in the an.

Accordingly. the present invention further provides polypaptides having
one of more residues deleted from the amino terminus of the aming acid
sequence of Neutrokine-aSV shown in SEQ ID NO:19, up 10 the glycine residue
al position number 261, and polynucleotides encoding such polypeptides. In
particular, the present invention provides polypeplides comprising the amino
acid sequence of residues #'-266 of SEQ ID NO:19, where n* is an integer in
the range of the amine acid position of amino acid residues 73-261 of the amino
atid sequence io SEQ ID NO:19, and 261 is the position of the first residue
from the N-terminus of the predicted extracellular domain Neurokine-sSV
poiypeptide (shown in SEQ ID NO:19).

More in particular, in cerain embodiments, the iovention provides
pelynucteoiides encodipg polypepﬁdes comprising, or aliematively consisting
of, the amino acid sequence of residues of Q-73 10 L-266; G-74 t1© L-265;, D75
to 1-266; L-76 1o L-266; A-T7 10 L-266; 5-78 1o L-266; L-79 10 L-266: R-80
L-266; A-B} to L-266; E-82 to L-266; L-83 to L-266; Q-84 10 L-266; G-85 10
L-266; B-86 10 L-266; H-87 1o L-266; A-88 1o L-266; E-89 1o 1-266; K-30 1o -
1-266; L-81 to L-266; P-92 to L-266; A-93 to L-266; G-94 to L-266; A-95 o
L-266; G-96 10 L-266; A-97 10 L-266; P-98 to L-266; K-99 to 1-266; A-100 to
L-266; G-101 to L-266; L-102 to L-266; E-103 10 L-266; E-104 10 L-266;
A-105 to L-265; P-106 10 L-266; A-107 to L-266; V-108 1o L-266; T-109 1o
L-266;, A-110 to L-266; G-111 to L-266; L-112 10 L-266; K-113 10 L-266;
I-114 10 1-266; F-115 to L-266; E-116 to L-266; P-117 10 L-266; P-118
L-266; A-119 10 L-266; P-120 10 L-266; G-121 1o L-266; E-122 10 1-266;
G-123 10 L-266; N-124 1o L-266; 5-125 to 1.-266; 5-126 to L-266; -127 to
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L-266; N-128 10 L-266; 5-129 lo L-266; R-130 to L-266; N-131 to L-266;
K-132 10 L-266; R-133 1o L-266; A-134 10 L-266; V-135 to 1.-266; Q-136 1o
L-266; G-137 1w L-266; P-138 10 L-266; E-139 1o L-265; E-140 10 L-266;
T-141 10 L.-266; G-142 to L-266; 5-143 to 1-266; Y-144 to L-266; T-145 10
L-266; F-146 10 L-266; V-147 to L-266; P-148 10 L-266; W-145 10 L-266;
L-350 w L-266; L-151 to L-266; 5-132 v L-266; F-153 1o L-266; K-iS4 1o
L-266; R-155 1o L-266; (3-156 1o L-266; 5-157 to L-266; A-158 1o 1.-266;
L-159 to L-266; E-160 10 1-266; E-16} 0 L-266; X-162 to L-266; E-153 1o
L-266; N-164 to L-266; K-165 w L-266; 1-166 o L-266; L-167 1o L-256;
V-168 to L-266; K-169 1o L-266; E-170 10 L-256; T-171 to 1.-266; G-172 1
L-266; Y-173 10 L-266; F-174 10 L.-266; F-175 10 L-266; I-176 10 L-266; Y-177
1o L-266; G-178 10 L-266; Q-179 o L-266; V-180 10 L-266; L-181 w0 L-266;
Y-182 to L-266; T-183 to L-266; D-184 10 L-266; K-185 10 1.-266; T-186 1o
L-266; Y-187 10 L-266; A-1B8 10 L-266; M-189 10 L-266; G-190 w0 L-266;
H-191 to L-266, L-192 10 L-266; 1-193 10 L-266; Q-1%4 10 L-256; R-195 1o
1-266; K-196 10 L-266; K-197 10 L-266; V-198 10 L-266; H-199 w 1-266;
V.200 10 L-266; F-201 to L-266; G-202 10 L-266; D-203 10 L-266; E-204 w
L-266; L-205 10 L-266; 5-206 1o 1.-266; L-207 to L-266; V-208 10 L-266;
T-209 10 L-266; L-210 1o L-266; F-211 10 L-266; R-212 to L-266; C-213 w0
L-266; §-214 1© L-266; Q-215 to L-266; N-216 to L-266; M-217 10 L-266;
P-218 to L-266; E-219 10 L-266; T-220 10 L-265; L-22} w L-266; P-222 1
L-266; N-223 o L-266; N-224 10 L-266; 5-225 10 L-266; C-226 1 L-266;
Y-227 to L-266; 5-228 10 L-266; A-22% to L-266; G-230 1v L-266; 1-231 10
1-266; A-232 to L-266; K-233 1o L-266; L-234 to 1-166; E-235 w L-266;
E-236 10 1-266; G-237 1o L-266; D-238 to L-266; E-23% 10 1-266; L-240 to
L-266; Q-241 1o L-266; 1.-242 10 L-266; A-243 1o L-266; 1-244 10 L-266; P-245
to L-266; R-246 10 L-266; E-247 1o L-266, N-248 tv L,-266; A-249 10 L-266;
Q-250 10 L-266; [-251 to L-266; S-252 wo L-266; L-253 10 L-266; D-254 to
L-266; G-255 to L-266; D-256 10 L-266; V-257 10 L-266; T-258 10 L-266;
F-259 10 L-266; F-260 1o L-266; and G-261 to L-266 of SEQ ID NO:19.
Polynucleotides encoding these polypeptides are also encompassed by the
invention.

Similarly, deletions of C-lerminal amino acid residues of the predicted
exuecellntar domain of Neutrokine-aSV up to the lzucine residue & position 79
of SEQ I NO:19 may retain some fimetional actvity, such as, for example,
ligand binding, the ability to stimulale lymphocyle (e.5., B cell) profiferation,
differentiation, and/or activation, modulation of cell replication, modulation of
terget cell actvities and/or itmunogenicily,  Polypeptides having Further
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Cuerminal deletions including Leu-75 of SEQID NO:19 would not be expected
to retain biological actjvities,

However, even if deletion of one or more aming ecids from the
C-terminus of a polypeptide results in modification of loss of one or mom
funcional activities (e.g., biclogical activity} of the polypeptide, ather
functiona} activities may stll be retained, Thus, the ability of the shortenad
pelypeplide to induce andfor bind o antibodies which recognize the complete,
mature or extraceliular forms of the polypeptide gererally will be retained when
less than the majority of the residues of the complels, mamre or extracellular
forros of the polypeptide are removed from the Ceterminus, Whether
particular polypeptide lacking Coterminal residues of the predicted exuraceHular
domain retains such immunologic acuvities can readily be detesmnined by routine
methods described berein and otherwise known in the art.

Accordingly, the present invention farther provides polypeptides having
one oF more residues from the carboxy terminos of the amino 2cid sequence of
the predicied extraceltular domain of Neutrokine-aSV shown in SEQ ID NO:15,
vp 1o the leucine residus at position 79 of SEQ ID NO:19, and polynuclectides
encoding such polypeptides. In particular, the present invention provides
Polypeptides having the amino acid sequence of residues 73-m* of the aming
arid ssquence in SEQ ID NO:19, where m* is any integer in the range of the
amino acid position of amino acid residues 79-266 of the amino acid sequence
in SEQ D NO:19. _

More in paticular, in ceriain cmbodiments, the invention provides
polynucieatides encoding polypeplides comprising, or alternazively consisting
of, the amino 2cid sequence of residues Q-73 10 L-265; (-73 10 K-264; QT
L-263; Q73 10 A-262: Q-73 10 G-261; Q-73 to F-260; Q-73 10 E-259- Q73w
T-258; Q-T3 10 V-257; - 73 10 D-256, Q-73 10 G-255; Q-3 D254, Q73 10
L-253;Q-73 10 §-252; Q-73 10 }-251; @73 to Q-250, Q73 1o A-24%, Q-T3 10
N-24B; Q-T3 10 E-247; G-T3 1o R-246; Q73 10 P-245; Q73 1o 1-244; Q-3 10
A-243;Q-T3 10 L-242; Q.73 to Q-241; Q73 10 L-240; Q73 10 E-239; Q7w
D-236; Q-73 10 G-237: Q73 10 E-236; Q.73 to E-235; Q-73 to L-234: Q7o
K-233; Q73 10 A-232; Q-73 10 1-231; Q73 10 G-230; G-73 10 A-229; Q7310
5-228; Q-73 10 Y-22%; Q.73 10 C-226: Q73 10 §-225; Q-73 1 N-224: Q73w
N-223;Q-73 109222, Q73 10 L-221; Q-73 to T-220; Q-73 10 E-219, 07310
P-218; Q7310 M-217; Q73 10 N-216; Q-73 10 Q215: G-73 1o 1-214; QT3 1w
C-213; Q7310 R-212; Q73 to F-211; Q7310 L-230; Q-73 1o T-209; Q-73 10
V-208; Q-73 10 L-207; Q-73 to 5-206; Q73 10 1.-205; Q-73 to B-204; G131
D-203; Q-73 10 G-202; Q-73 1o F-201; Q73 10 V-200; Q-73 1o H-199; QB w
V-198; Q-T3 10 K-197; Q-T3 1o K-196, @73 1o R-195; Q- T3 10 Q-194; Q-73 10
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1163; 3-73 10 L-192; Q-73 10 H-191; Q-73 10 G-190; Q-73 to Q-738%; Q-73 to,
A-188; Q-73.£0 Y-187;, Q-73 to T-186; Q-73 fo K-185; Q-73 to D-184; Q-73 1o
T-183; Q-73 to Y-182; Q-73 to L-181; Q-73 to V-180; Q-73 10 Q-179; Q-73 to
G-178; Q-73 10 Y-177; Q-73 to I-176; Q-73 10 F-175; Q-73 to F-174; Q-73 10
Y-173; Q-73 10 G-172; Q-73 10 T-171; Q-73 10 E-170; Q-73 to K-169; Q-73 10
V-168; Q-73 to L-167; Q-73 w I-166; Q-73 to K-165; Q-73 to N-164; Q-73 to
E—'163; Q-73 to K-162; Q-73 to E-161; Q-73 to E-160; Q-73 lo L-159; Q-73 o

" A-158; Q-73 to S-157; Q-73 to G-156; Q-73 to R-155; Q-73 w0 K-154; Q-73 10

F-153; Q-7310 8-152; Q-73 to L-151; Q-73 to L-150; Q-73 to W-149; Q-73 to
P-148; Q-73 to V-147; Q-73 to F-146; Q-73 to T-145; Q-73 to Y-144; Q-73 10
5-143; Q-73 to G-142; Q-73 to T-141; Q-73 to E-140, Q-73 to0 E-139; Q-73 1o
P-138; Q- 73 to G-137; Q-73 10 Q-136; Q-73 10 V-135; Q-73 to A-134; Q-73 to
R-133; Q-73 10 K-132; Q-73 1o N-131; Q-73 10 R-130; Q-73 10 8-12%; Q-73 10
N-128; Q-73 to Q-127; Q-73 to §-126; Q-73 10 §-125; Q—73' to N-124; Q-73 10
G-123; Q-73 10 E-122; Q-73 to G-121, Q-73 to P-120; Q-73 10 A-119; Q-73 to
P-118; Q73 to P-117; Q-3 to E-116; Q-73 0 F-115: Q-3 wo 114, Q73 10
K-113; Q-7310 L-112; Q-73 t0 G-11}; Q-73 to A-110; Q-73 10 T-10%; Q-73 to
V-108; Q-73 to A-107; Q-73 to P-106; Q-73 10 A-105; Q-73 w E-104; Q-73 to
E-103; Q-73 to L-102; Q-73 to G-101; Q-73 to A-100; Q-73 1o K-99; Q-73 1o
P-98; Q-73 10 A-97; Q-73 10 G-96; Q-73 1o A-95; Q-73 1o G-B34; Q-73 to A-93:
Q-73 1o P-92; Q-73 to L-91; Q-73 to K-90; Q-73 t0 E-89; Q-73 to A-88; Q-73 to
H-87; Q-73 to H-86; Q-73 to G-85; Q-73 to Q-84; Q-73 to L-83; Q-73 to E-82;
Q-73 to A-81; Q-73 to R-80; Q-73 to L-79; and Q-73 to S-78 of SEQ ID
NO:19. Polynucleotides encoding these polypeptides are also encompassed by
the invention.

The invention alse provides polypeptides having one or mare amino
acids deleted from both the amino and the carboxyl termini of the predicted
extracellular domain of Neutrokine-aSV, which may be described generally as
having residues a*m* of SEQ ID NO:19 where o' and m* are integers as
defined above.

In another embodiment, & nucleotide sequence encoding a polypeptide
coasisting of a portion of the extraceilular domain of the Neutrokine-aSV amino
acid sequence encoded by the cDNA clone contained in the deposit having
ATCC Accession No. 203518, where this portion excludes from 1 to about 260
amino acids from the amino terminus of the extracellular domaia of the amino
acid sequence encoded by ¢cDNA clone contained in the deposit having ATCC
Accession No. 203518, or from 1 to about 187 amino acids from the carboxy
terminus of the extracellular domain of the amino acid sequence encoded by
cDNA clone contained in the deposit having ATCC Accession No. 203518, or
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any combination of the above amino terminal and carhoxy terminal deletions, of
the entire extracellular domain of the amino acid Sequence encoded by the ¢cDNA
clone contained in the deposiz having ATCC Accession No, 203518,

As mentioned above, even if defetion of one or mare amino acids from
the N-terminus of a polypeptide resuits in modification of loss of one or more
functional activities (c.g., biological activity) of the polypeptide, other
functional sctivities may still be retoined, Thus, the abifity of 2 shortened
Neutrokine-a8V mutein to induce and/or bind 1g antibodies which recopnizs the
full-length or matre forms or the extracellular domain of the polypeptide
generally will be retained when less than the mzjority of the residues of the
full-tength or mamire or extracelluler domain of the polypepiide are removed
from the N-icrminus,  Whether a particular polypeptide lacking N-tarminal
residues of a comglele polypeptide retains such immanclogic activities can
readily be determined by rowtine methods described herein and otherwise
known in the art. It is not unlikely that 2 Neutrokine-aSV mutein with 2 large
number of deleted N-terminal amino acig residuss may retain funciional (.2,
immupogenic) activities. In fact, pepiides composed of as few as six
Neutrokine-aSV amino acid residues fmay ofien evoke zn immune respanse.

Accordingly, the present invention Further provides polypeptides having
onc of more residues deleled from the amino terminus of the predicied
full-length amino acid sequence of the Neutrokine-aSV shown in 3EQ D
NO:19, up 1o the glycine residue at position numbsr 261 of ihe scquence shown
SEQ ID NO:19 and polynucleotides encoding such polypeptides. In particolar,
the present invention provides polypeptides comprising the amine acid sequence
of residues n°-266 of the sequence shown in SEQ 1) NO:13, where 1 is an
integer in the range of the amino acid pesition of amino acid residues ! to 26] of
the amino acid sequence in SEQ ID NO:19.

More in particular, the javention provides polynucleotides encoding
polypeptides comprising, or altematively consisting of, the amino acid sequence
of residues of D-2 to L-266: D3 1o L-266; 5-4 10 1-256; T-5 10 L.-266; E-6 10
L-266; R-7 w0 L-266; E-B 10 1-266; Q-9 1o L-266: 5-10 1o L-266; R-11 10
L-266; L~12 to 1-265; T-13 16 L-266; 5-14 to L-266; C-15 1u L-266; L-16 10
L-266; K-17 to L-266; K-18 to L-266; R-I9 to L-266; E-20 to L-766; E-2] 10
L-266; M-22 1o L-266; K-23 to L-266: 1.-24 10 L-266; K-25 1o L-266; E-26 10
L-265; C-27 to 1-266; V-28 1o L-256: 5-29 16 L-266; 1-30 10 L-266: L-3)
L-266; P-32 10 1.-266; R-33 to L-265: K-34 10 L-266; E-35 10 1.-265; S-36 1n
L-266; P-37 10 L-266; §-3R to L-266; V-39 1o L-266; R-40 to L-266: 541 10
L-266; 542 10 1-266; K-43 10 L-266: D44 1o 1-266; G-45 1o L.266; K-46 1o
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1-266; L-47 10 L-266; L-48 1o L-266; A-49 1o L.-266: A-50 to L-266; T-51 w0
L-266; 1..52 1o L-266; L.-33 to L-266; 1.-54 10 L-266: A-55 to L-266; L-56 10
L-265; L-57 1o L-266; 5-58 1 L-266; C-59 10 L-266; C-60 to L.-265; L-6] o
L-266; T-62 1o L-266; V-63 to L-266; V-64 10 L-266; 5-65 10 L-265; F-66 to
L-266; Y-67 to L-266; Q-68 to L-266; V.69 to L-266; A-70 10 L-266; A-71 1o
L-266; L-72 w L-266; Q-73 to L-266; G-74 10 L-266: D-75 to 1.-266; L-76 v
L-266; A-77 to L-266; §-78 to L-266; L-79 to L-266; R-80 to L-266; A-81 1o
L-266; E-B2 to 1-266; 1.-83 to L-266; Q-84 10 L-266; (3-85 1o L-266; H-B6 10
L-266; H-87 to L-266; A-88 10 L-266; E-B9 10 L-266; K-50 10 L-266; L-91 10
L-266; P-92 10 L-266; A-93 to L-266; G-94 o L-266; A-95 to L-266; G-96 1o
L-266; A-97 to L-266; P-98 1o L-266; K99 1o L-266; A-100 10 L-266; G-10]
ta L-266; L-102 to L-265; E-103 to L-266; E-104 to L-266; A-105 10 L-266:
P-106 10 L-266; A-107 10 L-266; V-108 to L-266; T-109 o L-266; A-110
L-266; G-111 10 L-266; L-112 10 L-266; K-113 10 L-266; 1-134 1o L-266;
F-115 w0 L-266; E-116 10 1.-266; P-117 10 L-266; P-118 to L-266; A-119 1o
L-266; P-120 10 L-266; G-121 1o L-266; E-122 10 L-266; G-123 to L-265;
N-124 10 L-266; 5-125 to L-266; $-126 1o L-266; Q-127 to 1-266; N-128 w
L-266; 5-129 to L-266; R-130 10 L-266; N-131 10 L-266; K-132 10 L-266;
R-133 10 L-266; A-134 10 1.-266; V-135 w L-266; Q-136 to L-266; G-137 w
L-266; P-138 to L-266; E-139 1o L-266; E-140 10 L-266; T-i141 10 L-266:
G-142 1o L-266; S-143 1o L-266; Y-144 10 L-266; T-145 10 L-266: F-146 ©
L-266; V-147 10 1-266; P-148 10 L-266; W-149 10 L-266; L-150 to L-266;
L-151 10 L-266; S-152 to L-266; F-153 to L-266; K-154 to L-266; R-155 10
L-266; G-156 w 1L-266; 5-157 w L-266; A-158 10 L-266; 1-159 w L-266;
E-160 1o L-266; E-161 10 £-265; K-162 10 L-266; E-163 to L-266; N-164 10
L-266; K-165 10 L-266; I-166 to L-266; L-167 1o L-266; V-168 to L-266;
K-163 10 L-266; E-170 10 L-266; T-171 1o L-266; G-172 10 1.-266; Y-173 10
1~266; F-174 1o 1-266; F-175 to L-266; 1-176 10 1-265; Y-177 to L-266;
G-178 10 L-266; Q-179 to L-265; V-180 o L-266; L-181 10 L-266; Y-182 1o
L-266; T-183 10 1-266; D-184 1o L-266; K-185 1o L-266: T-186 1o L-266;
Y-187 to L-266; A-18B 10 L-266; M-189 to L-266; G-190 to L-266; H-191 to
L-266; L-192 1o 1-266; I-193 to L-266; Q-I34 1o L-266; R-195 to L-266:
K-196 to L-266; K-197 1o L-266: V-198 10 L-266; H-199 10 |-266; V-200 10
1-266; F-201 10 L-266; G-202 10 L-266; D-203 10 1-266; E-204 10 L-256;
L-205 10 L-266; S-206 to 1-266; L-207 to 1.-266; V-208 to L.-266; T-209 10
L-266; L-210 to L-266; F-21] 1o L-265; R-212 10 1.-266; C-213 10 L.-266; I-214
10 £.-266; Q-215 1o L-266; N-216 to L-265; M-217 10 L-266; P-21R 10 L-266;
E-219 10 L-266; T-220 10 L-266: L-221 10 L-266; P-222 to L-266; N-223 ©
L-266; N-224 to L-266; S-225 to 1.-266; C-226 to L-266; Y-227 w0 L-265;
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5-228 10 L.-266; A-229 to L-266: G-230 1o [-266; 1231 to L-266; A-232 u
L-266; K-233 1o L-266; 1L-234 10 L-266: E-235 1o L-266; E-236 0 L-256:
G-237 10 L-266: D-238 to L-266; E-239 10 L-266; L-240 1o 1266, Q-M] 1
L-266; L-242 10 L-266; A-243 10 L-266; 1-244 10 1-266; P-245 10 L-266; R-246
to L-266; E-247 1o 1.-266; N-248 1o L-266; A-249 10 L-266; Q-250 10 L-266;
I-251 1o L-266; §-252 10 1-266; L-253 to L-266; D-254 10 L-266; G-255% 1o
L-266; D-256 1o L-266; V-257 10 L-266: T-258 10 L-266; F-259 10 L-256;
F-260 1o L-266; and G-26) to L-266 of SEQ ID NO:19. Polynuclectides
encoding these polypeptides are also encompassed by the invention.

Also as mentioned above, even if deletion of one 0z mere amino acids
from the C-termings of a protzin results in modification of Juss of ©ne or more
Functional activitics (e.g., biclogical activities) of the pretein, olber functional
activities may still be retained. Thus, the ability of 2 shartzned Nevtrokine-aSV
mutein to induce asd/or bind 1o antibodies which recognize the complete or
mature form or the exwneelhular domain of the polypeptide generally will be
fetained when Jess than the majority of the residuss of the complele or muure
form or the exmaceliular domain of the polypeplide ar= remmoved from the
C-terminus. Whether a particular polypeptide lacking C-terminal residues of 2
complete polypeptide retains such immunologic activises ecan readily be
determined by rowtine methods described hersin and otherwise known in the an.
It is not unlikely thar a Neutrokine-aSV mulein with a larze sumber of deleted
C-terminal aming acid residues may retain sore fancrional (e.g., immunogenic)
activilies. In fact, peptides composed of as few a5 six Nevtrokine-aSV amino
arid residues may ofien evoke an isimune response.

Accordingly, the present invention funher provides in  annther
embodiment, polypeptides having one or more residuss deleted from the
carboxy terminns of the amino acid sequence of the Neutrokins-aSV shown in
SEQ ID NO:19, up to the glutamic acid residuc & position number 6, and
polynucleotides sncoding such polypeptides. In particular, the present
invention providss polypeptides comprising the amine acid sequence of residues
1-m’ of SEQ 1D NO:19, where m® is an integer in the range of the amino acid
position of amino acid residues 6 t0 265 in the amino acid sequence of SEQ ID
NO:19.

More in particular, the invention provides polynucleotides cncoding
pelypepiides comprising, or alternatively consisting of, the amino acid sequence
of cesidues M-1 10 L-265; M-1 1o K-264; M-1 1o L-263: M-1 1o A-262; M-l 1o
G-261; M-1 10 F-260; M-1 1o F-259; M-} 1o T-258; M-) to V-257; M-1 10
D-256; M-1 to G-255: M-1 to D-254; M-1 1o L-253; M-1 to 5-252; M-1 10
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1-251; M-1 1o Q-250; M-I to A-24%; M-1 to N-248; M-1 1o E-247; M-] 1o
R-246; M-] to P-245; M-1 1o }-244; M- 1o A-243%; M-1 10 L-242; M- 1o
Q-241; M-1 to L-240; M-1 to E-23%; M-} 10 D-238; M-1 to G-237; M1 1o
E-236;, M-1 10 E-235; M-1 w0 L-234; M-I 10 K-233; M-1 10 A-232: M-1 1o
-231; M-1 10 G-230; M-1 to A-229; M-1 10 §-228; M-1 10 Y-227; M-1 10
C-226; M-1 10 S-225; M-I 1o N-224; M-]1 10 N-223; M-l to P-222; M-} 1
L-221; M-1 o T-220; M- 10 E-219; M-1 1 P-218; M-1 10 M-217: M-] 10
N-216; M-1 10 Q-215; M-1 10 F-214; M-l w0 C-213; M-1 1o R-212; M- 1o
F-211; M-1 to L-210; M-1 o T-209; M-1 1o V-208; M-1 to L-207: M-} o
5-206; M-1 to L-205; M-1 o E-204; M-} 10 D-203; M-1 1w G-202; M-1 10
F-201 M-1 o V-200; M-1 10 H-199; M-1 10 V-198: M-i 10 K-197; M-l 1©
K-196; M-1 to R-195; M-1 w Q-194; M-1 10 }193; M-1 1o L-152: M-1 ©
H-191; M-1 to G-150; M-1 to M-189; M-1 10 A-138; M-1 1o Y-187; M-1 1o
T-186; M-1 to K-I85; M-1 1o D-184; M-! 1o T-183; M- to Y-182; M-1 10
L-181; M-1 to V-1B0; M-1 o Q-179; M-1 0 G-178; M-1 10 Y-17T7: M-l o
1-176; M-] to F-175; M-1 to F-174; M-1 o Y-173; M-1 to G-172: M-1 1o
T-171; M-1 to E-170; M-1 to K-16%; M-] 1o V-168; M-] 10 L-167; M-1 ©
1-166; M-1 10 X-155; M-} 1o N-154; M-1 10 E-163; M-] 10 K-162: M-1 1o
E-161; M-1 to E-160; M-1 1o L-15%; M-t to A-158; M-1 10 S-157: M-1 to
G-156; M-1 1o R-155; M-1 to K-154;: M-1 10 F-153; M- 0 5-152: M-l 10
L-15L M-} 1o L-150; M-1 10 W-149; M-1 10 P-148; M-1 to V-147; M-1 10
F-146; M-I to T-145; M-1 1o Y-144; M-1 w $-143; M-] 1o G-142; M-1 10
T-141; M-1 1o E-140; M-} 10 E-139: M-1 10 P-138; M-1 10 G-137; M-1 ©
Q-136; M-1 1o V-135; M-1 10 A-134; M-1 to R-133; M-} w0 K-132; M-1 10
N-131; M-l to R-130; M-1 to §-129; M-] 1o N-128; M-l to QG127 M-1 o
5-126; M-1 1o 3-125; M-1 to N-124; M-1 10 G-123; M-l 10 E-122; M-]1 10
G-121; M-I 1o P-120; M- 10 A-119; M-1 to P-118: M-I 1o P-117; M-1 10
E-116; M-1 10 F-115; M-J 10 I-114; M1 to K-113; M-1 10 L-112: M-] 10
G-111; M-1 to A-110; M-1 to T-109; M-I to V-108; M-l to A-10T: M-1 o
P-105; M-1 t0 A-105; M-I 10 E-10d4; M-1 10 E-103; M-1 to L-102; M-1 w0
G-10L; M-1 1o A-100; M-1 to K-99; M-1 1 P-98; M-1 to A-97; M-1 10 G-96;
M-1 to A-95; M-I to G-94; M-1 0 A-93; M-1 to P-92; M-1 10 L-51; M-1 10
K-90; M-1 10 E-89; M-1 10 A-88; M-1 10 H-87; M-1 10 H-86: M-I t0 G-85; M-}
o Q-84; M-1 o L-§3; M-1 10 E-82; M-1 1o A-Bl; M-1 1o R-80; M-1 to L-79;
M-1 o 5-78; M-1 1o A-77; M-1 10 L-76; M-1 10 D-75; M-1 10 G-74: M-1 10
Q73 M-11o L-72; M-1 10 A-7T1; M-1 10 A-70; M-1 1o V.69 M-1 10 Q-68; M-1
1o Y67, M-1 to F-66; M-1 10 83-65; M-1 10 V-64; M-1 10 V-63; M-] 10 T-62;
M-1 to L-61; M-1 1o C-60; M-1 10 C-59; M-1 10 5-58; M-} 10 L-57; M-I to
L-56; M-] to A-55; M1 to L-34; M-1 1o L-53; M-1 1o L-52; M-1 10 T-51; M1
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o A-50: M-1 1o A-49; M-I 10 L48; M-] 1o L-47; M-] 10 K-45; M-} to G-45;
M-I to D44, M1 to K43; M-110 592 M-T 1o 541 M-1 o R4, M-1 to
V-39; M-1 10 5-38; M-1 10 P-37; M-} 10.5-36; M-1 1o E-35; M-1 to K-34: M-}
1o R-33; M-I to P-32; M1 0 L-31; M1 10 B30 M- 10 8-2%; M-1 o V-28;
M-110 C-27; M-1 10 E-26;: M-1 1o K-25; M-l 10 L-24; M-1 10 X-23: M-) to
M-22:M-1 10 E-21; M-1 10 B-20; M-} 10 R-19 M-1 10 K-18; M-1 10 K-17: M-}
to L-16: M-1 1o C-15: M-1 to S-14 M1 T13 M1 1o E-12; M-1 1o R-11;
M-1105-10; M- to Q-9; M-1 10 E-&; M-] 10 R-7; and M-1 10 E-6 of SEQ b
NC:19. Polynucleotides encoding these polypeptides are also encompassad by
the invention,

The ipvention also provides polypeptides having one or more amino
arids deleted from both the amino and the carboxyl temmini of a Neutroking-a§Y
polypeptide, which may be described generally as having residues n*-m* of
SEQID NO:19, where n* and m’ are integers as defined abave,

Other Mutants

It will be recognized by one of ordinary skill in the art thar some amino
acid sequences of the Neutrokine-o and Neutrokine-aSV polypeptides can be
varied without significant effect of 1he structure or function of the polypeptide.
If such differences in sequence are conternplated, it should be remembered that
there will be critical areas on the polypepiide which determine activity.

Thus, the invention further includes variations of the Neutrokine-o
polypeptide which show substantisl Neutrokine-g polypeptide  functional
actvity (€., biological activity} or which includs regions of Newvokineo
polypeptide such as the protein portions discussed below. The invention also
includes variations of the Neutrokine-aSV polypeptide which show substantial
Neutrokine-3V polypeptide Rmetional aclivity {e.g.. biological activity) or
which include segions of Neutzokine-aSV polypeptide such as 1he polypeptids
portions discussed below.  Such mutants include deletions, insertions,
inversions, repeats, and 1ype substitutions selected according 10 general rules
known in the at 5o as have Litle effect on aclivity. For example, guidance
conceming how to muke phenotypically sifent amino acid substtutions is
provided in Bowie, J. U. et ai, "Deciphering th: Message in Prosein
Sequences: Tolerance to Amino Acid Substitations,” Science 247:1306-1310
(1950}, wherein the authors indicale thay there are two main approaches for
studying the tolerance of an amino acid sequence to change. The first method
relies on the process of evolution, in which mutations are zither accepied or
rejected by natural selection. The second approach uses genetic enginzering to



k1]

15

-B3-

introduce arsino acid changes at specific positions of a cloned gepe and
selections or screans to identify sequences that maintain functionality.

As the authors state, these studies have revealed thal proteins are
surpnsingly tolerant of amine agid substitations. The awsthors further indicate
which amino acid changes are likely to be permissive at a cerain position of the
protein. For example, most buried amino acid residues require nonpolar side
chains, whereas few featores of surface side chains are generaily conserved.
Other such phenotypicaily silent substitutions are described in Bowie, 1. U, o
al., supra, and the references cited therein,  Typically seen as conservative
substitutions are the replacernents, one for another, among the aliphatic amino
acids Ala, Val, Len and De; interchange of the hydroxy) residues Ser and Thr,
exchange of the acidic residues Asp aud Glu, substitition between the amide
residues Asn and Glo, exchange of the basic residues Lys and Arg and
replacements among the aromatic residues Phe, Tyr.

Thus, the fragment, derivative or analog of the polypeptde of Figures
1A and 1B (SEQ ID NO:2}, or that encoded by the deposited cDNA, may be (i)
one in which one or more of the amino acid residues are substimted with 2
conserved or non-conserved amino acid sesidue (preferably 2 conserved amino
acid residus) and such substtted amino acid residue may or may not be one
encoded by the genetic code, or (it) one in which ope or more of the amimo acid
residues includes a substiluent proup, or (iii) one in which the exgacellular
domain of the polypeptide is fused with another compound, such as a
compound to increase the half-life of the polypeptide (for example, polyethylene
glycol), or (iv) one in which the additional amino acids are fused o e
extracellular domain of the polypeptide, such as an IgG Fe fusion region peptide
or leader or secretory sequence or a sequence which is employed for purification
of the extraceliular domain of the polypepiide or 2 proprotein sequence. Such
fragments, detivatives and analogs are deemned to be within the scope of those
skitled in the ant from 1he teachings herein

Furthermore, the fragment, derivative or analog of the polypeptide of
Figures 5A and 5B (SEQ ID NO:19), or that encoded by the deposited cDNA,
may be (i) one in which ons or more of the amino acid residues are substitoted
with @ conserved or non-conserved amuino acid residue {preferably a conserved
aming acid residuz) and such substinuted amino acid residue may or may nos be
one encoded by the genetic code, or {Ui) one in which one or more of the amino
acid residues includes a substiruznt group, or (iii) one in which the extracellular
domaip of the polypeplide is fused with another compound, such as a
compound to increase the balf-life of the polypeptide (for example, polyethylens
glycel}, or (v} one in which e sdditional amino eeids are fused 10 the
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exwracellular domain of the polypeptide, such as an IgG Fc fusion repion peptide
or leader or secretory sequence or a sequence which is employed for purification
of the extracetiular domair of the polypeptide or 2 proprotein sequence. Such
fragments, derivatives and analogs are demed to be within the scope of those
skilled ip the ant from the tzachings herein

Thus, the Neuwokine-o andfor Nevirokine-aSV polypepiides of the
present invention may include one or mote amine acid substitutions, deletions
or additions, either from namral mutatons or hwman manipulation. As
indicated, changes are preferably of a rainer nature, such as conservitive amino
acid substinntions that do not significantly affert the folding or activity of the
pretein (sse Table IT).
TABLE II. Conservative Amine Acid Substitutions.

Aromatic Phenylalanine
Tryplophan
Tyrosine

Hydrophobic Lewcine
Isoleucine
Valine

Polar Glutamine
Asparagine

Basic Arginine
Lysine
Histidine

Acidic ‘ Aspartic Acid
Ghitamic Acid

Smal] Alanine
Serine
Threontne
Methionine
Glycine

Amino acids in the Newtrokine-n andior Nevtrokine-oSV polypepiidas
of the present invention that are essential for function can be identified by
methods known in the an, such as site-directed mutagenesis or alanine-scanning
mutagenesis {Cunningham and Wells, Science 244:108]- 1085 {19859)). The
lamer procedure introduces single alanine mulations at every residve in the
molecule. The resulting mutant molecules are then tested for functional activity,
such ligand binding and the ability to stimulalz lymphecyte (e.p.. B cell) as, for
example, proliferation, differentiation, and/or activation.

Of special interest are substitutions of charged amino acids with other
charged or neuwal amino acids which may produce proteins with highly
desirable improved chemeteristics, such as less aggregation. Aggregation may
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not enly reduce activity but also be problematic when preparing pharmaccutical
formulations, becavse sppregates can be immunopenic (Pinckard ef al, Clin.
Exp. Immunol. 2:331-340 {1967); Robbins ¢t al., Diabetes 36: 838-845 (1987);
Clztand er al,, Crit. Rev. Therapeutic Drug Carrier Sysiems 10:3067-377 (1993).

Replacement of amine acids can also change e selectivity of the
binding of 2 ligand to ccll surface reepiors. For example, Csiade af al., Naiwre
35]:266-268 (1993) describes certain mutations resulting in selective binding of
TNF-a 10 only one of the two known lypes of TNF receptors.  Since
Neutrokine-o and Neutrokine-aSV is members of the TNF polypeptide family,
mutations simiar 10 those in TNF-a are likely to bave similar effecis in
Neutrokine-o and/or Neutrokine-aSV.

Sites that are critical for ligand-receptor binding can also be determined
by syucturd analysis such as crystallization, nuclear magpefic resonance or
photoaffinity labeling (Smith et al, J. Mol. Biol 224:89%-904 (1992) and de
Vos et al. Science 255:306-312 (1992)). Since Neutrokine-a 15 2 metnber of
the TNF-related protein family, 10 modulate rather than compietely eliminate
funcrional activities ({e.g., biclogical acivites) of Neutrckinea, preferably
mutations are made in seguences encoding amino acids in the TNF conserved
domain, i.e., in positions Gly-191 through Leu-284 of Figures 1A and 1B
(SEQ D NO:2), more prefersbly in residuss within this region which are not
conserved in all members of the TGF family. By making 2 specific smutation in
Neutrokine-r in the position where such ¢ conserved emine acid &5 typically
found in related TNFs, Neutrokine-a will act as an antagonist, thus possessing
activity for example, which inhibits lymphocyte {e.g., B cell) proliferation,
differcptiation, andfor zctivation, Accordingly, polypeptides of the present
inventon include Neuwokine-a muants, Such Neurokine-o mutants are
comprised of the fuli-length or preferably the extraceliular domain of the
Newrokine-« amino acid sequence shown in Figures 1A and IB (SEQ ID
N(:2). Polynucleotides encods the above Neutrokine-x mutanls are also
encompassed by the invention.

Since Newtrokine-eSV is a member of the TNFrelated protein family,
to modwlate rathcr than complelely climinate functional actvities (e.g.,
biological activities} of Neutrokine-«SV, preferably mulations are made in
sequences theoding amino acids in the TNF conserved domain, i.e. ip
positions Gly-172 through Leu-265 of Figares 5A and 5B (SEQ ID NO:19),
more preferably in residues within this region which are pot conserved in all
members of the TGF family, By making a specific mutation in Neutrokine-oSY
in the position where such a conserved amino acid is typically found in related
TNFs, Nestrokine-aSV will act as an antagonist, thus possessing activity for
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example, which inhibits lymphocyte (e.¢.. B cell} proliferation, differentiation,
andfor activation. Accordingly, polypeptides of the present invention incluge
Neuwtrokine-#SV mutants. Such NeulrokineSV mulants are comprised of the
full-Iength or preferably the extraceSular domain of the Neutrokine-uSV amino
acid sequence shown in Figures 5A and 5B {SEQ ID NO:19 Polynucleotides
eocode the ebove Neutroking-o SV mutants e also eacompassed by the
invention,

In addition, it will be recognized by one of ordinary skill in the art that
mulalions targeied to regions of a Neutokine-a polypeptide of the invention
which encarnpass the nineteen amino acid residue insertion which is not found
in the Neatrokine-1SV polypeptide sequence {i.e., amino acid residuss Val-142
through Lys-160 of the sequence presented in Figures 1A and 1B and iy SEQ
ID NO:2) may affect the observed functional activiges {c.g.. biological artivity)
of the Neowrokine-x polypeptide. More specifically, a partial, won-fimiting and
non-exclusive list of such residues of the Neutrokins-x polypeptide sequence
which may be targeted for mutation includes the following amino acig residues
of the Newrokine-a polypeptide sequence as shown in SEQ D NO:2: v-142;
T-143: Q-144; D-145; C-146; L-147; Q148 L.}49; 1-150; A-151; D-152:
5-153; E-154; T-155; P-156; T-157; I-158; Q-159: and K-180.

Recombinant DNA iechnology known 10 those skilled in the arr can be
used Ip erzale novel mutant proteins or motzing including single or mudple
amino acid substitutions, deletions, additions o fusion proteins. Such modified
polypeptides can show, e.g., enhanced activity or increased stability. In
sddition, they may be purified in higher yields and show benter solubility then

the corresponding natural polypeptide, at Jeast under ceraip putification and

storage conditions,

Thus, the invention also entompasses  Neutrokine-«  and/or
Nenwokine-aSV derivatives and analogs that have one or more aming arid
residues deleted, added, or substitmed 10 generate Nestrokineo  apdfor
Neulrokine-aSV polypeplides that are better soitad for expression, scale op,
eic., in the host ezlis chosen. For example, cysieine residues can be delated or
substituted with another amino acid residue in  order 1o eliminate disulfids
bridges; N-linked glycosylation sites can be altered or eliminated to achieve, for
exampie, expression of a homogensots preduct that is more easily recovered
and purified from yeast hosts which are known 1o hyperglycosytate N-linked
sites. To this end, a variety of amine acid substiturions at one or both of the
first or third amino acid positions on any one or more of the glycosylation
fecognitions  sequences in the  Newwokine-a and/or Neumokine-aSV
polypeptides of the invention, andfor an amino acid deletion ar the second
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posiion of any one or moie such rccognition seguences will prevent
glycosylation of the Neutrokineo and/or NeutrokineoSV a the modificd
tripeplide sequence (see, e.g., Miyajimo et al.,, EMBO J 5(6):1193-1197).

The polypeptides of the present invention are preferably provided in an
isolated form, and preferably are substantially purified. A recombinantly
produced versicn of the Neutrokine- andfor Neutrokine-oSV polypeptides can
be substantislly pudfied by the one-step method described in Smith and
Johnson, Gene 67:31-40 (1988).

Percent Identity

The polypeptides of the present inventon include the compler
polypeptide encoded by the deposited cDNA {ATCC Deposit No. 97768)
including the intracellulas, transmembrane and exvacellular domaing of the
polypeptide encoded by the deposited eDNA, the extracelinlar domain minus the
intracelular and tansmembrane domains of the prolein, the complet
polypepiide of Figures JA and JB (emino acid residues 1-285 of SEQ ID
NO:2), e extraceliular domain of Figures 1A and IB (amino acid residues
73-285 of SEQ 1D NO:2} mninus the intracefluler and transmembrane domains,
a5 well as polypeptides which have at least 90% similarity, mome preferably at
least 95% similarity, and still more preferably at least 96%, 97%, 98% or 9%
similarity to those described sbove.

The polypeplides of the present invention alse include the complets
polypeptide encoded by the deposited cDNA including the intracellular,
transmembrane and sxtracellular domains of the polypeptide encoded by the
deposited cDNA (ATCC Deposit No, 203518), the extraceliular domain minus

“the intaceliular and transmembrane dommins of the protein, the complae

pelypeptide of Figures 5A and 5B (amino acid residues 1-266 of SEQ ID
NO:19), the extmcellular domain of Figures 5A and 5B {amino acid residoes
73-266 of SEQ ID NO:19) minus the intracelllar and transmembrane domains,
2s well as polypeptides which have & feast 30% similarity, more preferably ar
least 95% similarity, and still more preferably at least 96%, 97%, 98% or 99%
similarity 1o those described above.

Further polypeptides of the present invention include polypeptides ar
least 80% identical, more prefesably at least 90%% or 95% identical, still more
preferably atleast 36%, 37%, 98% or 59% jdentical 10 the polypeptide encoded
by the deposited tDNA (ATCC Deposit No. 97768} or to the polypeptide of
Figures 1A and 1B (SEQ ID NO:2), and also include portions of such
palypeptides with at Jeast 30 amino acids and more preferably at least 50 amino
acids.
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Further polypeptidss of the present invention include polypeplides a1
least BO% ideatical, mose preferably at least 90% or 95% identical, still more
preferably at least 6%, 97%, 98% or 99% identical 10 the polypepiide encoded
by the dzposited eDNA {ATCC Deposit No. 2035 18) or to the polypeptide of
Figures 5A and 5B (SEQ ID NO:19), and also include portions of such
polypeptides with at least 30 amino acids and mare preferably at Jeast 50 amino
acids.

By "% simularity* for wwo polypeplides is intended a similarity score
produced by comparing the amino acid sequences of the two polypeptides using
the Bestiit program (Wisconsin Sequence Analysis Package, Version § for
Unix, Genetics Computer Group, University Rescarch Park, 575 Science
Drive, Madison, W1 53711) and the default settings for determining similariry.
Bestfit uses the local homology algorithm of Smith aad Waterrsan (Advances in
Applied Mathematics 2:482-489, 1981} to find the best segment of similarity
between two sequences.

By a palypeptide having an amino acid sequence at least, for exarmple,
93% “identical” 10 a referenze amino acid sequence of a Neutrokine-a andfor
Neutrokine-aSV polypeptide is intendzd that the amino acid sequence of the
polypeptide is identical 1o the reference sequence except thar the polypeptide
sequence may include up to five amino acid allerations pereach 100 amine acids
of the reference amino acid of the Newtrokine-s andlor Neutrokine-2SV
polypeptide. In ether words, 1o obtain a polypeptide having an amino acid
sequence at lenst 95% identica! 1o a reference amino asid sequence, up 1 5% of
the amino acid residues in the reference sequence mzy be dsleted or substituted
with another amino acid, or 2 number of amine acids up to 5% of the total
amino acid residues in the reference sequence ey be inserted into the reference
sequence. These alterations of the reference sequence may oceur at the aming or
carboxy terminal positions of the reference amino acid seguence or anywhere
between those terminal positions, imerspersed edther individually among
residues in the reference sequence or in one or moge contiguous groups within
the reference sequence.

As a practical matter, whether any particular polypeptide is a least 50%,
95%. 96%, 97%, 98% or 99% identical 10, for instance, the amino arid
sequence shown in Figures IA and iB (SEQ ID NO2), the amino arid
sequence encoded by the deposited cDNA clone HNEDUIS (ATCC Accession
No. §7768), or fragmants therenf, or, for instance, to the amino acid sequence
shown in Figures 5A and 58 {SEQ ID NO:19), the amino acid sequence
cacoded by the deposited ¢DINA clone HDPMCS?2 (ATCC Aceession No.
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203518), or fragroents thereof, can be determined conventionally using known
computer programs such the Bestfit program (Wisconsin Seguence Analysis
Package, Version 8 for Unix, Genetics Computer Group, University Research
Park, 575 Science Drive, Madison, WI 33711). When using Bestfit or any
other sequence alignment program to detesmine whether a particular sequence
is, for nstance, 95% identical 1o a rference sequence according to the presest
igvention, the parameters are set, of course, sech that the percentage of identity
is raiculaled over the full length of the reference amino acid sequence and thar
gaps in homology of up to 5% of the total number of amino acid residues in the
reference sequence are aliowed.

In a specific embodiment, the identity between a refercnce (guery)
sequence (a sequence of the present invention) and a subject sequence, also
referred to a5 a global sequence alipnment, is determined vsing the FASTDB
computer program based on the algorithm of Brutlag el al, {Comp. App. Biosci,
6:237-245 (1990)). Prefered parameters used in a FASTDB amino a0id
alignment are: Marix=PAM 0, k-tuple=2, Mismatch Penalty=1, Joining
Penalty=20, Randomization Group Length=0, Cutoff Score<l, Window
Size=sequence length, Gap Penalry=5, Gap Size Penaliy=0.05, Window
Size=500 or e lengih of the subject amino acid sequence, whichever is
sharter. According to this embodiment, if the sobject sequence is shorter than
the quety sequence due 10 N- or Cienminal deletions, not because of intemal
deletions, a mannal eorection is made 10 the resuks to wke into coosideration
the fact that the FASTDB program does not account for N- and Ceterminal
runcations of the subject sequence when calcularing plobal percent jdentity.
For subject sequences tuncated at the N- and C-termini, relative 10 the query
sequence, the perceal identity is comected by calculating the nusnber of residues
of the query sequence that are N- and C-terminal of the subject scquence, which
are not malched/aligned with 2 comesponding subject residue, s a percent of the
tolal bases of the guery sequence. A duermination of whether a residue is
mached/aligned is determined by results of the FASTDB sequence alignment.
This percentage is then subiracted from the percent identity, caleulated by the
above FASTDB program using the specified parameters, to arive at a final
percent ideptity score. This final percent identity score is what is used for the
purposes of this embodiment.  Only residues 1 the N- and C-termini of the
subjec! sequence, which are not matched/aligned with the query sequence, ars
considered for the purposes of manually adjusting the perceat identity score.
That is, onty guery residue positions outside the farthest N- and C-terminal
residuzs of the subject sequence. For example, 2 90 amino acid residue subject
sequence is aligned with a 100 residue query sequencs to determine percent
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wentity. The deletion occurs at the N-terminus of the subject sequence and
therefore, the FASTDB alignment does not show a matchinp/alienment of the
first 10 residues at the Neterminus. The 10 unpaired residues represent 10% of
the sequence (number of fesidues at the N- and C-termini not matched/eotal
mumber of residues in the query seguence) so 10% is subtracted from the
pereent identity score calculated by the FASTDB program. If thz rexnaining 90
residues were perfecly matched the final percent identity would be 90%. In
another example, 3 90 residuce subject sequence is compared with a 100 residue
qQuery sequence. This tme the deletions are internz) deletions so there are bo
residuss 2t e N- or Coterming of the subject sequence which are not
matched/aligaed with the query. In this case the percent identity caleulated by
FASTDB is not manually comected. Once again, only residue positions outside
the N- and C-terminal ends of the subject sequence, as displayed in the
FASTDB alignment, which are not matched/atigned with the query sequence are
manually corrected for. No other manual comrections are made for the purposes
of this embodiment.

A further embodiment of the invention relates o 2 peptide or polypeptide
which comprises the amino acid sequence of = Naytrokine-a or Neurokine-o5V
polypeptide having an smino acid sequence which contzins at Jeast one
conservalive amino acid substitution, but not more thag SO conservative amino
acid substitutions, even more preferably, not more than 40 conservative amino
acid substitutions, stll more preferably, not more than 30 conssrvative amming
acid substinnions, and still even more preferably, not more than 20 conservative
amino acid substimtions, Of course, in order of ever-increasing preference, it is
highly preferable for a pepiide or polypeptids to have an amino acid sequence
which comprises the amino acjd sequence of a Neutrokine-a polypeptide, which
contains at lzast one, but no! more than 10,9 8 7 6.5 4,3, 20r!
canservative amino acid substitutians,

The polypeptide of the present invention could be used as & molecatar
weight marker on SPS-PAGE gels or on molecular sieve gel filtration columns
using methods well known to those skilled in the art. Addigonally, as described
in detail below, the polypeptides of the preseat invention can also be used 1
raise polyclonal and monoclonal antibodies, which are useful in assays for
dztecting Newtrokine-o and/or Nevrrokine-SV polypeptide expression as
deseribzd below or a5 agonists and antagonists capable of enhancing or
inbibiting Neutrokine-z andfor Neutrokine.a§V function,  Further, such
polypsptides can be used in the yeast two-hybrid system to "caprure”
Newtrokine-a and/or Nentrokine-aSV binding proteins which are also candidae
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agonists and antagonists according 1o the present invention. The yeast two
hybrid system s described in Fields and Song, Natre 340:245-246 {1989),

Transgenics and “knock-outs™

The polypeptides of the invention can also be expressed in transgenic
animals. Animals of any species, including, but not Timited to, mice, rats,
rabbits, hamsters, guinea pigs, pigs, micro-pigs, poats, sheep, cows and non-
human primates, e.g., baboops, monkeys, and chimpanzees tay be used to
enerate iransenic animals. In a specific embodiment, technigues deseribed
herein or otherwise known in the art, are vsed to express polypeptides of the
invention ip humans, 25 part of a gene therapy protocol.

Any technigue known in the ant may be used to introduce the transgene
(i.e., polynucleotides of the invention) into animals to produce the fovnder lines
of mansgenic apimals. Such techniques include, but arc not Hmited o,
pronuclear microinjection (Paterson et al., Appl. Microbiol, Biotechnol. 40:691-
698 (1994); Carver et al, Biotechnology {NY) 11:1263-1270 {1993); Wright et
al,, Biotechnology (NY) 9:B30-834 (1991): and Hoppe et al., US. Pat. No.
4,873,191 (1989)); retrovirs mediated gene transfer into germ lines (Van der
Putten et al,, Proc. Natl. Acad. Sci., USA §2:8148-6152 (19835)), blastocysts
or embryos, genc targeting in embryonic stem colls (Thompson et al., Cell
56:313-321 (1989)); electroporation of cells or embryos (Lo, 1983, Mal Cell.
Biol. 3:1803-1814 (1983)}; introduction of the polynucleatides of the invention
using a gene gun (see, £.8., Ulmer et al., Science 259:1745 (1993); inwoducing
nucleic acid constructs into embryonic plevripotent stem celis and wansferting
(he stem cells back imo the blastocyst; and sperm-mediated pene transfer
{Lavitrano e1 al,, Cell 57:717-723 (1989); eic. For a review of such techniques,
see Gordon, "Transgenic Animals,” Iml. Rev. Cytol. 115:171-229 (1989),
which is incorporaied by reference herein in its entirety.

Any technique koown in the a1 may be used 1o produce transgenic
clones containing polynucleotides of the invention, for example, nuclear transfer
inte enucleated oocytes of nuclel from cultured embryonic, fetal, or adult cells
induced to quiescence {Campell ! al., Nature 380:64-66 (1996); Wit et al,,
Nature 385:810-813 {1997)).

The presest investion provides for tansgenic animals thay carry the
transgene in all their cells, as well s animals which carry the transgene in some,
but not all their cells, i.e., mosait animals or chimeriz. The transgene may be
inlegrated as a single transgene or a5 multiple copies such as in concalamers,
¢.£., bead-1o-head tandems or head-to-tail tendems. The transgene may also be
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selectively introduced into and activaed in a panticular cell type by following,
for example, the reaching of Lasko o al. (Lasko e al., Proc. Natl. Acad, Sei.
USA B9:6232-6236 (1992)). The regulatory sequences required for such a cell.
type specific activation will depsnd spoit the particutar c2ll type of interest, and
will be apparent 1o those of skill in the ar.  When it is desired that the
polynuclectide transgene be itegraled inlo the chromosomal site of the
endogenous geoe, gene targeling is preferred. Briefly, when such a technique
is 1o be wtilized, vectors containing some nucleotide sequences homologous to
the endogenous gens are desigaed for the purpose of integrating, via
homologous recombination with chromosomal Scquences, into and disrupting
the function of the nucleotide sequence of the endogenous gene. The transgene
may also be selectively inroduced jmio a particular cell type, thus inaclivating
the endogenous gene in only thar cell type, by following, for cxample, the
teaching of Gu &1 al. (Gu et al., Science 265:103-106 {3994)). The regulatory
Sequences required for such a cell-aype specific inactivation will depend upon
the particular cell type of interest, and will be apparent to those of skill in the art.

Oncz transgenic animals have been generated, the expression of the
recombinant gene may be assayed utilizing standard techniques.  Initial
screening may be accomplished by Southesn blot enalysis or PCR (echniques 10
analyze animal Ussues to verily thal integration of the transgene has taken place.
The level of mRNA expression of the trassgene in the tissues of the transgenic
apimals may also be assessed using lechniques which include, but are not
limited to, Northera blot analysis of tissue samples obtained from the apima), in
situ hybridization analysis, and reverse transcriptase-PCR (11-PCR), Samples
of  irensgenic Beoe-expressing  tissut  may  also  be  evaluated
immunocyinchemically or immugochistochemically using antibodies specific for
the ransgene product.

Once the founder apnimals age produced, they may be bred, inbred,
outbred, or crossbred 10 produce colonies of the partcular animal. Examples of
such breeding strategies inciude, but are ot kmited to: outbreeding of founder
animals with more than one intzgration site in order to establish separatz lines;
inbreeding of scparate lines in order 1o produce compound transgenics thay
cxpress the transgene at higher levels because of the cffects of additive
expression of each transgens; crossing of hewerozygous ransgenic animals to
produce animals homozygous for a given inegration site in order to both
sugrment expression and eliminate the need for screening of animals by DNA
analysis; crossing of separate homozygous lines 1o produce  compound
heterozygous or hamozygous lines; and breeding 1o place the Fansgens on a
distinct background that is appropriate for an experimental wodse] of inferest,
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Transgenic and “knock-out™ animals of the invention bave uses which
include, but are not limited to, animal mode syslems useful in elaborating the

biological fumction of Neutrokine-& andlor Neuwrokine-gSV polypeptides,
smdying conditions and/or disorders associated with abemant Neutrokine-o

andfor Neurokine-aSV expiession, und in screening for compoands effective

in ameliorating such conditions and/or disorders.

In further embodiments of the invention, cells thar are genetically
engineered o express the polypeptides of the invention, or alternatively, that are
genetically engineered not to express the polypeptides of the invention (e.g.,
knockouts) are administered 10 a patieat in vivo. Such cells may be obmined
from the patient {i.c., anima!, including human) or an MHC compatible donor
and can include, but 2re not fimited to fibroblasts, bone marrow cells, blood
cells (e.g., Jymphocytes), adipocytes, muscle cells, endothelial cells ote. The
cells are gentically engineered in vitro vsing recombinant DNA techniques o
introduce the coding sequence of polypeptides of the invention into the cells, or
alternatively, to disrupt the coding sequence andfor endogzoous regulatory
sequence assaciated with the polypeplides of the invention, g.E, by
tansduction {using viral vectors, and preferably vectors that integrate the
vansgene into the cell genome) or transfection procedures, including, but not
limited 10, the wse of plasmids, cosmids, YACs, naked DNA, electroporation,
lipesomes, etc. The coding sequesce of the polypeptides of the nvention can
be placed under the control of 2 strong conslitetive or inducible promote: or
promotzt/enhancer to achieve expression, and preferably secrction, of the
polypeptides of the invention. The enginecred celis which express and
preferably secrete the polypeptides of the invention can be introduced into the
patient systemically, e.g., in the cireulation, or intraperitoneally.

Aliematively, the cells can be incorperated into a matrix and implanted in
the body, g.2., penetically enginsered fibroblasts can be implanted as part of a
skin grafi; genetically eoginerred endothelial cells can be implanted as part of a
lymphatic or vascular graft. (See, for example, Anderson of al. 1S, Patent
No. 3,399,349; and Mulligan & Wilson, U.S. Patent No. 5,460,959 gach of
which js incorporated by reference herein in ils eatirety).

When the cells to be adminisiered are non-autologous or non-MHC
compatible cells, they can be administered using well known techniques which
picvent the development of 2 host immune response against the introduced eells.
For example, the celis may be introduced in an encapsulated form which, whils
Hlowing for an exchange of components with the immediate exwocellular
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enviropment, does not allow the introdured cells 1o be reeognized by the host
immune system. '

Antibodies

The present invention further relates to antibodies and T-cell aniigen
receptors (FCR) which specifically bind the polypeptides of the present
invention. The antibodies of the present invention inchude IgG {including
1gG1, 1gG2, 1gG3, and 1gG4), IgA (including 1gAl and 1gA2), IgD), TgE, or
TgM, and IgY. As vsed berein, the term "antibody” (Ab) is meant to inclade
whole antibodies, including single-chain whole antbodies, and antigen-binding
fragments thereof. Mosl preferably the aniibodies are haman antigen binding
antibody fragments of the present invention include, but are ot Hrnited to, Fab,
Fab' and F(ab)2, Fd, singlechain Fvs {scEv), single~chain antibodies,
disulfide-linked Fvs {sdFv) and fragments comprising either a V, or V|, domain.
The andbodies may be from any animal origin including birds and mammals,
Preferably, the antibodies are human, murine, rabbit, goat, guinea pip, camel,
borse, or chicken.

Antigen-biading antibody fragments, including single-chain antbodies,
may comprise the variable region(s) alone or in combination with the entire or
partial of the Jellowing: hinge region, CHi, CH2. and CH3 domains. Alo
incduded in the invention are any combinations of variable region{s) and hinge
region, CHI, CH2, and CH3 domains. The present iovention further includes
chimerie, bumanized, and human monoclonal and polyclonal antibodies whick
specifically bind the polypeptides of the present invention. The present
invention finther includes antibodies which are anti-idiorypic 1o the antibodies of
the present favention.

The antibodies of the present inveation roay be monespecific, bispecific,
mispecific or of greater multispecificity.  Multispecific antibodies may be
specific for different epitopes of a palypeptide of the present invention or may
be specific for both a polypeptide of the present invention as well as for
heterologous compositions, such as » heterologous polypeptide or selid su ﬁpon
material. See, eg.. WO 93/17715; WO 92/08802; WO 91/00360; WO
92/05793; Tuw, A. et &l (1991) 1. Immunol. 147:60-69; US Patens
3,973,920, 4.474,893, 5,601,819, 4,714,681, 4,925,648; Kostelny, 5.A. o
al {1992} J. Immunol. 148:1547-1553.

Antibodies of the present invention may be destribed or specified in
terons of the epitope(s) or portion(s) of a polypeptide of the present invention
whith are recopnized or specifically bound by the antibody. The epitope(s) or
polypeptide partion(s) may be specified as described herein, e.g., by N-terminal



10

0

s

-160-

and C-terminal positions, by size in contigtious amino acid residues, or listed in
the Tables and Figures. Antibodies which specifically bind any epitope or
polypeptide of the present invention may also be excluded, Therefore, the
present invention includes antibodies that specifically bind polypeptides of the
present invention, and allows for the exclusion of the same.

Antibodies of the preseat invention rany also be described or specified in
terms of their cross-reactivity, Antibodies that do not'bind any other analog,
ortholog. or homolog of the polypeptides of the present invention are included.
Antibodies that do not bind polypeptides with less than 95%, less than 90%,
less than B3%, less than BO%, less thae 75%, less than 70%, less than 65%,
less than 60%, less than 55%, and kess than 50% identity (as caleulated using
methods knawn in the art and deseribed herein) (o a polypeptide of the present
invention arc also included in the present igvestion, Funther included in the
present invention are antibodies which only bind polypeptides encoded by
polynuclzotides which hybridize 10 a polynucleotide of the present invention
under stringent hybridization conditions (as deseribed herein).  Antibodies of
the present invention may also be described or specified in terms of their
binding affinity. Preferred binding affinities include those with a dissociation
constant or Kd less than SX10M, 10°M, 5X10°M, 107M, 5X10°M, 10°M,
SX10°M, 10°M, SX10°7°M, 107, SX107'M, 10°M, 5X107M, 10™M,
SX10°M, 107°M, SX10™M, 10™M, SX10°M, and 107M.

Antibodies of the preseot invention have uses that include, but are not
limited to, methods known in the art to purify, delect, and target the
polypeptides of the present invention incleding bots & vitro and in vivo
diagnostic and therapeutic meihods. For example, the antibodies have vse in
immunoassays for qualitatively and quantitatively measuring levels of the
polypeptides of the present invention in biological samples. See, e.g., Harlow
ct al., ANTIBODIES: A LABORATORY MANUAL, (Cold Spring Harbor
Laboratory Press, 2nd ed. 1988) (incorporated by reference in the entircty).

The antibodies of the present invention may be used either alone or in
combination with other compositions. The antibodies may forther be
recombinzntly fused 10 2 heterologous polypeptide at the N- or C-terminus or
chemically conjugated (including covatently and non-covalently conjugations) to
polypeptides or other compositions. For example, antibodies of the present
invention may be recombinantly fused or conjugated to roelecules useful as
labals m detection assays and sffector molecules such as heterologous
polypeptides, drugs, or toxins. See, £.z., WO 52/08495; WO 91/14438; WO
80/12624; US Patent 5,314,995; and EP 0 396 387. )
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The amibodies of the present invention may be prepared by any suitable
methed known in the art. For example. a polypeptide of the present invention
or an antigenic fragmeat thereof can be administered 1o an animal in oxder 1o
induce the production of sera containing polyclonal antibodies, Monoclonal
antibodies can be prepared using a wide of techniques known in the ant
including the uee of hybridoma end recombipant technology. See, e.g., Hafow
et al, ANTIBODIES: A LABORATORY MANUAL, (Cold Spring Harbor
Laboratory Press, 2ad ed. 1988); Bammerling, e al., in: MONOCLONAL
ANTIBODIES AND T-CELL HYBRIDOMAS 563-681 (Elsevier, N.Y.,
1921) (stid references incorporated by reference in their enlireties),

The antbodies of the present ipvention may be prepared by any of 2
variety of stapdard methods. For example, cells expressing the Newtrokine-ce
and/or Newtrokine-aSV polypeptide or an anligenic Fragment thereof can be
administered 10 an animal in order to induce the production of sera containing
polyclonal aniibodies. In a preferred method, 2 preparation of Neutrokine
and/or Neutrokine-aSY polypeptide is prepared and purified 1o render &t
substantially frec of nawral contaminants, Such 2 preparation is then introduced
into an animal in order to produce polyclonal antisera of greatey specific activiry,

In the most preferred method, the antibodies of the present inveation are
monoclonal antibodies {or Nestrokine-a and/or Nestwokine-aSV polypepide
binding fragments thereof). Such monoclonal antibodies cap be prepared using
hybridoma technology (Kchler & al, Namre 256:495 (1975}, Kohler er ol,
Eur, J. Immunol §:511 (1976); Kohler e al., Eur. ). Immunol. 6:252 (1576);
Hamyperling et al., in:  Monoclonal Antibodier and T-Cell Hybridomas,
Elsevier, N.Y., {1981) pp. 563-681 ). In general, soch procedures invalve
immunizing an 2nimal (preferably 2 mouss) with a Newtokine-a andior
Neutrokine-aSV polypeptide antigen or, mom praferably, with a Nevtrakine-
and/or Newtrokinz-2SV polypeptide-expressing cell.  Suitble cells can be
recognized by their capacity to  bind  anti-Neatrokipe-w  andfor
anti-Newtrokine-sSV polypeptide antibody.  Such cells may be cullured in any
suitable tissoe cullure medium; however, it is preferable to culmre cells in
Earle's wodifizd Eagle's medium supplemented with 10% feml bovine serum
(ibactivated at about 56° C), and suppiersented with about 10 g/l of nonessential
amino acids, abowt 1,000 U/ml of penicillin, and abomt 100 pg/ml of
strepiomycin. The splenocytes of such mice are extrartzd and fused with a
suitable myelome cell line. Any suitable myeloma cell line may be ermployed in
accordance with the present invention; however, it is preferable 1o employ the
parent myeloma cell Iine (SP20), availsble from the ATCC, Manassas,
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Virgipia. After fusion, the resulting hybridoma eells are selectively maintained
in HAT medium, and then cloned by limiting dilotion a5 deseribed by Wands et
al. {Gastroenterclogy B0:225-232 (1981)). The hybridoma cells obtained
through such a selection are then assayed to jdentify clones which secrete
antibodies capable of binding the Neutrokine-a and/or Neutrokine-sSV antigen,

Alierpatively, additional amtibodies capable of binding o the
Neuyvokine-a and/or Neatrokine-a5V polypeptide antigen may be produced in a
two-stzp procedure throvgh the use of anti-idiotypic antibodies. Such a method
makes use of the fact that anlibodics are themselves antigens, and that,
tharefore, it is possible to oblain an antibody which binds 10 a second antibody.
In accordance with this method, Nevtrokise-a andlor Neutrokine-aSV
polypeplide-specific antibodies are wsed 10 immunize an animal, preferably a
mouse. The splenocyles of such an animal are then used 10 produce hybnidoma
cells, and the hybridoma cells are screened to identify clones which produce an
antibody whose ability to bind to the Neulrokine-a and/or Neuwtrokine-aSV
polypeptide-specific antibody can be blocked by the Neutrokine-a andfor
Newtrokine-=8V antigen. Such antibodies cormprise anti-idiotypic antbodies to
the Neutrokine-a and/or Neutrokine-aSV polypeptide-specific antibody and can
be used to immunize an animal to indace formation of further Neutrokine-a
and/or Newtrokine-aSV polypeptide-specific antibedics.

Fab and F(ab")2 fragments may be produced by proteolytic cleavage,
using eozymes such as papain (1o produce Fab fragments) or pepsin {to produce
F{ab")2 fragments).

Allernatively, antibodies of the present invention can be produced
through the application of recombinant DNA technology or through synthatic
chemisy using methods known in the art. For example, the antibodies of the
present invention can be prepared using various phage display methods known
in the art. In phage display methods, functional antibody domains are dispiayed
on the surface of a phage particle which camiss polynucleotide sequences
encodiog them. Phage with 2 desired binding property are selected from a
reperioire or combinatorial antibody libwary (e.g. human or murine) by sclecting
dircetly with antigen, typically antigen bound or caplured 1o a solid surface or
bead, Phage used in these methods are typically filamentous phege including fd
and MI3 with Fab, Fv or disulfide siabilized Fv antibody domains
recombinantly fused 10 either the phape gene IIf or pene VI protein. Examples
of phage display methods that can be used to make the antibodies of the present
inventon inctude those disclosed in Brinkman U, & al. (1995) J. Immunol.
Methods 182:41-50; Ames, R.S. ot al. (1995) J. Immunol. Methods 184:177-
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186; Keulzborough, C.A. et al, (19%4} Eur. I. Immunol. 24:952-958; Persic,
L. et al. (1997) Gene 187 9-18; Burton, DR, et al. (1994) Advances in
Immunology 57:191-280: PCT/GB91/01134; WO 90/02805; WO 91/10737;
WO 92/01047; WO 92/18619; WO 93/11236; WO 95/15982; WO 95/20401;
and US Patents 5,698,426, 5,223,409, 5,403,484, 5,580,717, 5,427,908,
3750753, 5821047, 5571608, 5477908, 5.516,637, 5,780,235,
3,638,727 and 5,733,743 (said references incorporated by reference in their
entireties).

As described in the above references, after phage selection, the antibody
coding regions from the phage can be isolated and used 1o generale whole
antibodies, inclading human antibodies, or any other desired antigen binding
fragment, and expressed in any desired host including marnmalian cells, fosect
cells, plant cells, yeast, and bacteria. For example, techniques to recombinantly
produce Fab, Fab® and F(ab')2 fragments can also be employed using methods
known in the art such as those disclased in WO 92/22324; Mullinax, R.L. et al.
{1992) BioTechniques 12(6):864-869; and Sawai, H. et al, (1995) AJRI 34:26-
34, and Better, M. et al. {1988) Science 240:1041.1043 (said references
incorporated by reference in their entireties).

Examples of technigques which can be used 10 produce singie-chain Fvs
and antbodies include those described in U.S. Paizows 4,946,778 and
5,258,498; Huston o1 al. (1991) Methods in Enzymology 203:46-88; Shy, L. a
al. (1993) PNAS 50:7595.7999; and Skerra, A. ot al. (1988} Science 240:1038-
1040, For some uses, includiag in vive use of antibodies in humans and in
¥itro dziecton assays, it may be preferable to use chimeric, humanized, or
human antibodies. Methods for producing chimeric antibodies are known in the
art. See ¢.g., Momison, Science 229:1202 (1985); Oi et al., BioTechniques
4:214 (1986); Gillies, 8.D. of al. (1989) 1. Immuno!. Methods 125:191-202;
and US Patent 5,807,715, Amibodies can be humanized using a vanety of
techniques including CDR-grafting (EP 0 239 400; WO 91/09967; US Paient
5,530,101; and 5,585,089), veneering or resurfacing (EP 0 592 106; EP 0 519
596, Padlan E.A., (1991) Molecutar Immunology 28{4/5):489-498; Studnicka
GM. et al. (1994) Protein Engineering 7{6%:805-814; Roguska M.A. et al.
(1994) PNAS 91:969-973), and chain shuffling (US Patent 5,565,332}
Humen antibodits can be made by a varety of methods known in the ant
including phage display methods descibed above, See also, US Patents
4,444,887, 4,716,111, 5,545,806, and 5,814,318; and WO S8/46645 (said
weferences incorporated by reference in their entireties).

Further included in the present invention are antibodies recombiganidy
fused or chemically conjugated {ineluding both covalenly and nop-covaleatly
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conjugations) to a polypeptide of the present inveation. The antibodies may be
specific for antigens other than polypeptides of e present invention. For
example, antbodies may be used to targel the polypeptides of the present
invention to particular cell types, either in vire or in wive, by fusing or
conjugating the polypeptides of the present invendon to antibodies specific for
pardcular cell surface receptors.  Antibodies fused or conjugated w the
polypeptides of the present ipvention may also be uosed in in vitro
immunoassays and purification methods using methods known in the art. See
&.g., Harbor et al. supra and WO 93/21232; EP 0 439 095; Naramura, M. o al.
(1994) omunol. Lett. 39:91-99; US Patent 5.474,981; Gillies, 8.0. =t al.
{1992y PNAS 80:1428-1432; Fell, H.P. etal. {1991) I. Immunol. 146:2446-
2452 (said references incorporated by reference in their entireties).

The present inveation further includes compositions comprising the

polypeptides of the present invention fused or conjugated to antibody domains
other than the varizble regions. For examnple, the polypeptides of the present
invention may be fused or conjugated to an antibody Fo region, or ponicn
thereof. The antibody portion fused o & polypeptide of the present invention
may comprise the hinge region, CH1I demain, CH2 domain, and CH3 domain
or any combination of whole domains or portions thereof. The polypeptides of
the present invention may be fused or conjupated to the above antibedy portions
to increase the in vivo hall life of the polypeptides or for use in immunoassays
using methods koown in the art. The polypeptides may also be fused or
conjugated to the above antibody portions to form multisners. For example, Fe
portiens fused to the polypeptides of the present invention can fonm dimers
through disulfide bonding between the Fe portions.  Higber muliireric forms
can be made by fusing the polypeptides to ponions of IgA and 1gM. Metheds
for fusing or conjugating the polypeptides of Lhe present invention to antibedy
portions are known in the art. See e.g., US Palents 5,336,603, 5,622,929,
5,350,046, 5,349,053, 5,447,851, 5.112,046; EP 0 307 434, EP 0 367 166;
WO 95/04388, WO 91/06570; Ashkenazi, A. el al. (1991) PNAS B8:10535-
11539; Zheng, XX, et al, (1995} ). Immano!. 154:5590-5600; and Vil, H. &t
al. {1992) PNAS 80:11337-11341 (said references incorporated by reference in
their entireties).
The invention further refates 1o antibodies which act a5 agorists or aptagonists
of the polypeptides of the present invention. For example, the present invention
incledes antibodies which disrupt the receporfligand interactions with the
polypeptides of the invention either partially or fully. Included are both
recepior-spacific antibodies and ligand-sprcific amibodies.  Included are
receplor-specific antibodies which do not prevent ligand binding
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but prevent receptor activation. Receptor activation (ie., signaling) may be
determined by techniques described herein or otherwise known in the et Also
included are receplor-specific antibodies which both prevent ligand binding and
secepior activation. Likewise, included are neutralizing antibodics which bind
the ligand and prevent binding of the ligand to the receptor, 25 wel as antibodies
which bind the ligand, thereby preventing receptor activation, but do not prevent
the ligand from binding the receptor. Funher inciuded are antibodies which
activate the receptor, These antibodies may act as agonists for cither all or less
than all of the biological activities affected by ligand-mediated receplor
agtivation. The antibodies may be specified as agonists or antagonists for
biological activities cornprising specific activities disclosed herein. The above
antibody agonists can be made using methods known in the art, See e.g., W0
96/40281; US Patent 5,811,097; Deng, B. et al. {1998) Blood 92(6);1981-
1988: Chen, Z. ¢t al. (1998) Cancer Res. 58(16):3668-3678; Harrop, JLA. et ol
(1998) ). Immunol. 161(4)%:1786-1794; Zhe, Z. o al. {1998) Cancer Res.
58(15):3209-3214; Yoon, D.Y. ef al. (1998) J. Immunol 160{7):3170-3170;
Prai, M. et al. (1998} 1. Cell. Sci. 11 H{P12):237-247; Pitard, V, et al. (1597) ],
Immunol. Methods 205(2):177-190; Liautard, 3. er al, {1997} Cywokinde
9(4):233-241; Carson, N.G. ot al, (1997) I. Biol. Chem. 272(17):11205-
11301; Taryman, R.E. et al. {1995) Newon 14(4):755-762; Muller, Y.A. et al,
(1598) Structure 6(9):1153-1167; Bartunek, P. et al, (1996) Cytokine B(1):14-
20 (said references incorporated by reference in their entireties),

As discussed above, antibodies to the Nevtrokine-t and/or Neutrokine-tt
SV polypeptides of the invention can, in turm, be wilized 10 penerate anti-
idiotype antibodies thal “mimic” the Nevtroking-, using techniques well
known to those skilied in the an, (See, c.g., Greenspan & Bona, FASER J.
7(5):437-444; (1989) and Nissinoff, J. fmmumol. 147(8):2425-2438 (1991)).

For example, antibodies which bind to Neutrokine-ct and/or Neutrakine-g SV

and compelitively inhibit te Neuwokine-w asd/or Neutrokinew SV
multimerization and/or binding to ligand can be used to generat anti-idiotypes
that "mimic” the Neutrokine-o TNF mutimerization and/or binding domain and,
as a consequence, bind 10 apd peutralize Nevtrokine-a or Neutrokine-or SV
and/or its ligand. Such nestralizing apli-idiolypss or Fab frapments of such
anti-idiotypes can be used in therapentic regimans to nevtralize Newtrokine-co
ligand. For example, such anti-idiotypie antibodiss can be used to bind
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Neutrokine-z and/or Newtrokine-m SV, or to bind Newtrokine-o andlos
Neutrokine-o 8V receptors on the surface of cells of B cell Jineage, and thereby

block Neutrokine-or andfor Neutrokine-n SV mediated B cell attivation,
proliferation, and/or differentiation.
immune System-Related Disorder Diagnosis

Neutrokine-u is expressed in kidney, lung, peripheral leukocyte, bone marow,
T cell lymphoma, B cell lymphoma, activated T cells, stomach cancer, stmooth
muscle, ruacrophages, and cord blood tssue, and panicularly calis of monocytic
lineage. Moreover, Neuwokine-oSV is expressed in primary dendritic celis.
For 2 number of immune system-related disorders, substantinlly altered
{increased or decreased) levels of Neutrokine-a and/or Neutrokine-2SV gene
expression can be detected in immune system tssue or other cells or bodily
fluids {e.g., sera, plasma, urine, synovial Ruid or spinal fluid) taken from an
individual baving such a disorder, relative 1o 2 “standard™ Neutrokine-¢ andfor

Neutrokine-uSV gene expression level that is, the Neutrokine-a and/or

NevtokineaSV expression level in immune sysiem tissues or bodily flnids
from an individual not having the immune system disorder, Thus, the investon
provides a diagnostic method wsefol during diagnesis of an system disorder,
which involves measuring the expression level of the gene cocoding the
Neutrokine-a and/or Neutrokine-eSV polypeptide in immune sysiem Ussue or
ether cells or body fluid from an iodividual and comparing the measured gene
expression level with a standard Neuwtrokine-o and/or Newtrokine-aSV geoe
expression level, whereby an increase or decrease in the gene expression jevel
compased 10 the standard is indicative of as immune system disorder.

In particular, it is believed that cernain tssuss in mammals with cancer of
cells or tissue of the fmmue system express significantly enhanced or reduced
levels of the Neutrokine-a and/or Neutrokine-uSV polypéptide and mRNA

enceding the Neutrokine-z and/or Neutrokine-aSV polypeptice when compared
to a corresponding "standard” Jevel  Further, it is belicved that enbanced of
depressed levels of the Neutrokine-a and/or Neulrokine-aSV polypeptide can

be detected in cerain body fluids (e.g., sera, plasroa, urine, aod spinal fluid)
from mammals with such a canter when compared to sera from mammals of the
same species not having the cancer.
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Thus, the invention provides a diagnostic  method  vseful during
diagnosis of a immune system disorder, including cancers of this system, which

involves measuring the expression level of the gene encoding the Nentrokine-a
andfor Newtrokine-oSV polypeptids in immune system: tissoe or other cells or

body fluid from an individeal and cotnparing the measured gene expression
level with a standard Neutrokine-o and/or Newtrokine-aSY gene expression
level, whereby an increase or decrease in the gene expression level compared to
e standard is indicative of an immune system disorder,

Where a diagnosis of a disorder in the nmune system, incloding
disgnosis of a wmor, has already been mads according 1o conventional
methods, the present invention is wseful as a prognostic indicator, whereby

patients exhibiting eahanced or depressed Nentrokine—g andfor Neatrokine-aSV
geoe expression will experence 2 worse clinical oulcome relative 1o patients
expressing the gene at 2 level nearer the standard tevel.

By "assaying the expression level of the geae encoding the Newrakine-
@ and/or Neutrokine-aSV polypeptide™ is imended qualitatively or quantitatively
measuring or estimating the level of the Neutrokine-n. andfor Neutrokine-aSV
polypeptide or the Jevel of the mRNA encoding the Neutrokins-a andfor
Neutrokine-aSY polypeptide in & first bivlogical sample either dirertly (2., by
determining or estimating absolute protein level or mRNA level} or relatively
{e.g.. by comparing tp the Neutrokine-t and/or Neutrokine-aSY polypeplide
level or mRNA Jevel in 2 second bivlogital sample). Preferably, the
Neutrokine-z andfor Neurokine-aSV polypeptide level or mRNA ievel in the
first biological sample is measured or estimated and compared 10 a standard
Neutrokine-z and/or Nestrokine-oSV polypeptide level or mRNA Jevel, the
siandard being taken from a second biological sample obtained from an

individual not having the disarder o being determinad by averaging levels from
a population of individuals not having & diserder of the immupe system.  As

will be appreciated in the art, once a standard Neotrokine-o andfor Neutrokine-
aSV palypeptide level or mRNA Jevel is known, it can be used repeatedly as a
standerd for comparison.

By "biological sample” is int=nded any biological sample obained from
an individual, body fluid, cell Hne, tissne colture, or other sosrce which
contaias Newtrokine-o andfor Newrokine-oSY polypeptide or mRNA.  As
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indicated, biological samples includs body fluids (such as sera, plasma, urine,
synovia) fluid and spinal fluid} which contain frez extraceliular domains of the

Neulrokine-a and/or Neutrokine-uSV polypeptide, immune system tissue, and

other tissue sources found to express comuplete or free extmceliukar domain of
the Neutrokine-¢ and/or Neutrokine-aSV or a Neutroldpe-a and/or Neutrokine-

oSV receptor. Methods for obtaining tissue bispsies and body fluids from

maramals are well known in the art. 'Where the biological sample is 10 include
mRNA, & lissuz biopsy s the preferred source,

The presest invention is useful for diagnosis or treaument of various
immune systero-relaied disorders in mammals, preferably humans,  Such
disorders include but are not limited 10 tumors and mmor metastasis, infections
by bacteria, viruses and other parasites, immunodeficiencies, inflammatory
diseases, lymphadenopathy, auteimmune diseases, and graft versus host
disease.

Toml cellufar RNA can be isolated from 2 biological sample using any
suitable technique such as the siple-step  guanidinium-thiocyanats-
phenolchloroform method deseribed in Chomezynski and Sacchi, Anal
Biochem. 162:156-159 {1987). Levels of mRNA encoding the Neotrmkine-o
and/or Neatrokine-aSV polypeptide are then assayed using any appropriate
method. These include Nonthern blot analysis, SI nuclease mapping, the
polymerase thain reaclion (PCR), reverse wranscription in combination with the
polymerase chain reaction {(RT-PCR), and reverse transcription in corobination
with the lipase chain reaction (RT-LCR).

Asszying Neutrokine-a andfor Newtrokine-aSV polypeptide levels in a
biological semple can occor using antibody-based iechniques. For example,
Neutrokine-o and/or Neotrekine-ocSY polypeptide cxpression in tissues can be
studied with clessical immunohistoiogical methods (Jalkanen, M., e af, J.
Cell Biol. 101:976-983 (1985); Jalkanen, M., & ol, J. Cell . Biol
105:3087-3096 (1987)). Other antibody-based methods usefal for detecting
Nenwokine-a and/or Nevwokine-uSV polypeplide gene expression include
immunoassays, such as the enzyme linked immunosorbent assay (ELISA) and
the radioimmunoassay (RIA). Switabie agtibody assay labels are known in the
art and include enzyme labels, such es, glucose oxidase, and radioisotopes,
such as iodine ('™1, '), carbon ('C), sulfur (¥S), titwm (CH), indivm
{(""in), and technetium (™™ Tc), and fluorescent labels, such as fluorescein and
thodzmine, and biotin.
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In addition lo asseying Newwokine-o andfor Neutrokine-oSV
polypeptide levels ip a biological sample obtained from an individual,
Neutrokine-a and/or Neutrekine-aSV polypeptide can also be detected in vivo

by imaging. Antibody labels or markers for in vivo imaging of Neutrokine-g
andfor Neutrokine-a5V polypeptide include those detectable by X-radiography,

NMR or ESR. For X-radiography, suiteble labels include radioisotopes such as
barium ar cesiem, which emit delectable radiation but are not overtly harmsul 1o
thz subject. Suitable markers for NMR and ESR include those with a detectable
characieristic spin, such 25 deutedium, which may be incorporaied inte the
smiibody by lebefing of nutrients for the relevant hybridotna. Where in vive
imaging is uscd (o detect enhanced levels of Neotrokine-a and/or Neutrokine-

«SV polypeptide for diagnosis in humans, it may be prefersble 1o use

"humanized” chimesic monoclonal antibodiss. Such antibodies can be produced
using genctic constmcts derived from  hybridoma cells producing the
monoclonal aotibodies described above, Methods for preducing chimeric
antibodies are kaown in the ar. See, for rview, Mowmison, Science 229:1207
{1585); Oi et al.,, BioTechnigues 4:214 (1986Y; Cabilly et al., U.S. Palent No.
4,816,567, Tamguchi et al, EP 171496; Momison et al,, EP 173404:
Neuberger et al., WO B601533; Robinson et al,, WQ 8702671; Boulianne e
al., Nanre 312:643 {1984); Neuberger et al, Natre 374:268 (1985},

A Neutrokine-o and/or Neutrokine-uSV polypeptide-specific antibody
or antibody fragment which has been labeled with an approprate detectable
imaging maiety, such a5 a radioisotope (for example, I “?In, ¥*Tc), a.
radio-opaque substance, or a malerial detectable by nuclear magnetic resonance,
is inroduced (for example, parenterally, subcutansously of intraperitoneally)
inip the mammal to be cxamined for immune systesn disorder. 1t will be
urderstood in the art that the size of the subject and the imaging system used
will determine the quantity of imaging moiety nesded 1o produce diagnostic
bmages, In the case of a radivisotope moiety, for a human subject, the quantity
of radipactivity injecied will normally range From about 5 to 20 millicuries of
P*Tc. The labeled antibody or antbody fragment will then preferentally
accumulate at the location of cells which contain Neutrokine— protein. In vivo
nmor imaging is described in 8.W. Burchiel e1 al., “Immunopharmacokinetics
of Radiolsbeled Astibodies and Their Fragmems® (Chapter 13 in Twmor
Imaging: The Rodiochemical Detection of Cancer, S.W. Burchizl and B. A.
Rhades, eds., Messon Publishing Inc. (1982)).
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Treatment of Immune System-Related Disorders

As noted above, Neutrokine-o and/or Neulrokine-aSV polynucleotides
and polypeplides are usefu] for diagaosis of conditions involving abnormably
high or low expression of Newtrokie-n andlor Neutrokine-aSV  activities.
Given the cells and tissues where Neutrokine-a andfor Neutrokine-oSVY is
expressed as well as Lhe activides modulued by Neutrokine-o  andfor
Neutrokipe-0SV, it is readily apparent that a subsantially altered (increased or
decreased) level of expression of Neutrokine-a and/or Neutrokine-aSY In an
individual compared to the standard or “nommal” level produces pathologica
conditions reiated to the bodily system(s) in which Neutrokine-a andfor
Neutrckine-aSV is expressed and/or is active.

Tt will also be appreciated by one of ordinary skill that, since the
Neotrokise- and/or Neutrokine-aSV  polypeptides of the invention are
members of the TNF family, the extacelluler domains of the respeetive proteins
ymay be released in soluble form from the czlls which express Neutrokine-o
andfor Neutrokipe-aSV by prokeolytic cleavage and therefore, when

Neutokine-o and/or Neutrokise-aSV polypeptide (particularly a seluble form
of the respective extraceflular domains) is added from an exogenous source 10
cells, tissues or the body of an individuzl, the polypeptide will exert its
modulating activities on any of its 1iget cells of tiat individual. Also, colis
expressing this type I transmembrane prolcin may be added 1o calls, tissues or
the body of an individual whereby the added cells will bind to cells expressing
recopiat for Neutrokine-g andfor Nevtokine-aSV whereby the cells capressing

Neutrokine-t and/or Neugokine-gSV can cause aclions (e.g., cytotoxicity) on

the receptor-bearing target cells.

Therefore, it will be appreciated thal conditions caused by a decrease in
the standard or normal leve] of Neutrokine-o and/or Nevtrokine-aSV activity in
an individen!, particularly disorders of the immune system, can b2 treated by
administration of Neutrokine-o andfor Neutrokine-a5V polypeptide (in the form
of soluble extraceBular domain or eells expressing the complete protein). Thus,
the inveation also provides a method of meatment of an individual in need of an
increased Jevel of Neutrokine-a andior Nestrokine-nSV activity comprising
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administering 1o such ar individual a pharmaceutical composition comprising an
amount of an isolated Nevtrokine-c andlor Neutrokine-oSV polypeptide of the

investion, effecive to increass the Nevwokine-a andfor Newwokine-oSV
activity Jevel in sueh an individual

Since Newwokine-w and/or Neuwvkine-aSV belong 1o the TNF
superfemily, the polypeptides should also modulate angiogenesis. In addition,
since Nevlrokine-a and/or Neutrokitie-aSY inhibit immune cell functions, the
polypeptides will have a wide range of anti-inflammatory activitiss, Neutrokine-
a and/or Nevtrokine-aSV may be employed as an anti-neovascularizing sgent 1o
treat solid turmors by simulating the invasion and activation of hast defense
calls, e.g. tywtoxic T c2lls and macrophages and by inhibiting the
angiogenesis of tumors. Those of skill in the art will recognize other
nog-cancer indications where blood vesse! proliferation is not wanted They
may also be employed 10 enhance host defenses against resistant chronic and
acuwe jnfections, for example, myobacterial infections via the amraction and
activation of microbicidal leukocytes, Newtrokine-n andfor Neutrokine-aSV
may also be employed to inhibit T-cell proliferation by the inhibition of -2
biosynthesis for the reatment of T-cell mediated auto-immune diseases and
tymphocytic leukemias. Newrokine-a and/or Neuuokine-oSV may also be
cinployed 1o stimulaie wound healing, both via the recruitment of debris clearing
and conpeelive Yssue promoting inflammatory cells. In this same manner,
Neutrokine-a and/or Newtrokine-aSV may also be employed 1o weat other
fibrotic disorders, including liver cirrhosis, ostcoarthritis and pulmonary
fibrosis. Neutrokine-a and/or Neutrokine-a5V also increascs the presence of
eosinophils which have the distinotive function of killing the Jarvae of parasites
that jpvade tissues, as in schistosomiasis, wichinosis and aseariasis. It may
also be employed to regulate hematopoissis, by regulating the activation and
differentiation of various hematopoictic progenitor cells, for example, to release
matre leukocytes from the bone marrow following chemotberapy, i.ce., in stem
cell mobilization. Neutrokine-a and/or Newtrokine-uSV may also be employed
1o treat sepsis.

Additiona} preferred embodiments of the inveation include, but are not

. limited to. the use of Neutrokine-u polypestides and functional agonists in the

following applications:
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A vaccine adjuvant thal cnhances immune responsiveness 1o specific
antigen.

An adjuvant 1o enhance fumor-specific immune responses.

An adjavant 1o eshance anti-viral immune responses.

As a stimulator of B cell responsiveness to pathogens.

As oo agen! that slevales the immune status of 2 individual prior to their
receipt of immunosuppressive therapies.

As an agent 1o accelerate recovery of immunocompromised individuals;

As 2n agent 10 boost immunoresponsiveness among aged populations;
As an immune system cnhancer following bone marrow Lransplant.

As & mediator of mucosal immunz responses.  The expression of
Neutrokine-s by monocytes and the responsiveness of B cell to this factor
suggests that it may be involved in exchange of signals between B cells and
morbeytes or their differentizted progeny. This aclivity is in many ways
analogous to the CD40-CD154 signalling between B cells and T cells,
Neutrokine-s may therefore be an important regulator of T cell independent
immune responsss to  covirommental  pathopens. In particular, the
unconventioaal B cell poputations (CDS+) that are associated with mucosal siles
and responsible for much of the innate immusity in humans rzy respond 1o
Neutrokine-a thereby enbancing an individval's protective immune stalus.

As an agest to direct an ipdividuals immupe system 1owards
development of a humoral response (i.e. TH2) as opposed to a THI cellular
response.

As 2 means o induce wmmor profiferation and thos make it more
susceptible to ant-neoplastic agents. For example multiple myeloma is a slowly
dividing discase and is thus refractory to virually 2 apti-peoplastic regimens.
If these cells were forved to profiferate more rapidly eir susceptibility profile
would itkely change.

As B cell specific binding protein 1 which specific actvalors or
inhibitors of cell growth may be atiached. The reselt would be to focus the
activity of such activators or ichibitors onto normal, diseased, of neoplastic B
cell populations.

As 2 means of detecting B-lincage cells by virtae of its specificity. This
application may require Jabeling the protein with biotin or other agents to afford
a means of detection.

As 2 stimulator of B ccll production in pathologics such as AIDS,
chronic lymphocyte disorder and/or Common Varizble Immunodificiency:
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As pant of 2 B call selection device the function of which s to isolate B
cells from a heterogenous mixtore of ce)l types. Neutrokine-a could be coupled
1o & solid support 1o which B celis would then specifically bind. Unbound cells
would be washed out and the bound cails subsequently eluted. This wechnigue
would allow purging of tumor cells from, for exarople, bone marrow or
peripheral blood prior to transplagt,

As 2 therapy for generation andfor regeneration of lymphoid tissues
following surgery, trauma or genetic defect,

As a geoe-based therapy for genetically inherited disorders resulting in
immuno-incompetence such as observed amang SCID patiznts.

As an antigen for the generation of antibodies to inkibit or enthance
Neutrokine-a mediated responses.

As a means of activating monscyles/macrophages 10 defend against
pasasitic diseases that effect monocytes such as Leshmania,

As pretreatment of bone marrow samples prior 1o transplant.  Such
weatment would increase B cell represeniation and (hus accelerate recover,

As 3 means of regulaling secreted cytokines that are elicited by
Neutrokine-a.

All of the above described applications as they may apply 1o veterinary
medicine,

Amagonists of Newlrokine-z  include binding and/or inhibitory
antibodies, antisense nucleie acids, ribozymes or soluble forms of the
Neutrokine-a receptor(s). These would be expecied 0 reverse many of the
azlivities of the ligand described above as well as find clinical or practical
application as: .

A means of blocking various aspects of immune responses to foreign
apeats or sell.  Examples include sutoimmune disorders such as lupus, and
arthritis, as well as jmmunoresponsivencss to skin allerpies, inflammation,
bowel disease, injury and pathogens. Although our current data speaks directly
1o the polential role of Neutrokine-a in B cell and monecyte related pathologies,
it remains possible thar other cell Lypes may gain expression or responsiveness
to Neutrokioe-a.  Thus, Neutrokine-a may, like CD40 mnd its ligand, be
regulated by the stas of the immuns system and the microenvironment in
whtick the cell is Jocated,

A therapy for prevenling the B cell proliferation and Yz secretion
asseciated with autoimmune diseases such as idiopathic thrombocytopenic
purpurs, systeruic lupus erythramatosus and MS$.

An inhibitor of graft versus host disease or transplant rejection.



Ly

ihs

30

35

~1ig

A therapy for B cell melignancies such as ALL, Hodgldns disease, non-
Hodgkins lymphome, Chronic lymphocyte leukemia, plasmacytomas, multiple
myeloma, Burkit's lymphoma, and EBV-transformed diseases.

A therapy for chronic hypergammaglobulinemeia cvident in such
disenses as rnonoclonalganmopaty of ondetermined sipnificance (MGUS),
Waldenstrom's diszace, and relpted idiopathis monoclonalpammepetbdes,

A means of decreasing the lnvelvement of B cells and Ig associated with
Chronic Myelogenovs Leukemia.

An immunosuppressive ageni(s).

An inhibitor of signalling pathways involving ERK, COX2 and Cyclin
D72 which have been associated with Neutrokine-a induced B cell activation.

The agonists and antagonists may be employed in a compesition with a
phasmaceutically acceptable carsier, ¢.p., as deseribed above.

The antagopists may be employed for instance to inhibit Neutrokine—<
and/or Neutrokine-oSV the chemotaxis and activation of macrophages and their
precursors, apd of neutrophils, basophils, B Jymphocytes and some TFeell
subsels, e.g., activated and CD8 cytotoxic T cells and natural killer cells, in
certain auto-immune and chronic inflammatory and infective diseasss. Examples
of avto-immune discases include mulfiple sclerosis, and insulin-dependent
diabetes. The antagonists may also be employed to teat infectious discases
including silicosis, sarcoidosis, idiopathic puimonary fibrosis by preventing the
recruitment and activation of mononuclear phagocyles. They may also be
employed to teat idiopathic hyper-cosinophilic syndrome by provesting
eosinophil production and migration. Endotoxic shock may alse be meated by
the antagonists by preventing the migmtion of mazrophhg‘cs and their production
of the Neutrokine-a andfor Newtrokipe-oSV polypeptides of the present
invention. The antagonists may alse be employed for reating atherosclernsis, by
preventing monocyte infiltration in the artery wall. The antagonists may alse be
empioyed to teat histamine-tnediated allerpic reactions and immunclogical
disorders including late phase allergic reactions, chronic umiceria, and sopic
dermanitis by inhibiting chemokine-induced mast cell and basophil degranulation
and release of histamine, 1gE-mediated allergic reactions such as allergic asthma,
thinitis, and eczema may also be treated, The antagenists may alse be employed
1o treat chronic and acute inflammation by preventing the attraction of monocytes
to a wound area. They may also be employed to regulale pormal pulmonary
macrophage populations, since chromic and acute inflammatory pulmonary
diseases are associaled with sequestration of monenuclear phagocytes in the
Jung. Amiagonists may also be employed to tmat theumatoid artheitis by
preveniing the attraction of monocyes inte synovial fluid in the joints of patients.
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Monocyie influx and ectivaton plays a significant role in the pathogenesis of
both depeneretive and inflammatory arthropathies. The antagonists may be
employzd to interfers with the daleterious caseades aliribwed primarily o H.-1
and TNF, which prevents the biosynthesis of other inBlammatory cytokines. In
this way, the antagomists may be employed 1o prmvent inflammation. The
antagonisis nway also be employed o inhibit prostaglandin-independant fever
induced by Neutrokine-a and/or Neutrokine-aSY. The antagonists may alse be
employed 1o treat cases of bone marrow failure, for example, aplastic anemia and
myelodysplastic syndrome. The antagonists may also be empioyed to wza
asthnoa and allergy by preventing cosinophil accumulesion in the lung.  The
antagonists may also be employed to treat subepitbelial basement membrane
fibrosis which is a prominent feature of the asthrnatic jung,

Antibodics against Neuwrokine~w and/or Neutrokine-aSV may be
employed to bind to and inhibit Neutrokine-a andfor Neutrokine-aSV activity to
treat ARDS, by preventing infiltration of neutrophils imo the Tung after injury.
The antagonists and aptagonists of the instant may be employed in a
composition with a phanmacewtically acceptable carrier, e.g., 25 described
hercinafter.

Formulations

The Neutrokine-a andfor Neutrokine-2SV polypeptide composition
(preferably containing a polypepiide which is a soluble form of the Neutrokine-
z and/or Neutrokine-aSV extracellular domains) will be formulated and dosed
in a fashion consistent with good medical practice, taking inte account the
clinical condition of the individual padent {especially the sids effacts of weatraent
with Meutrokine-uw and/or Neutrokine-oSV polypeptide alone), the site of

delivery of the Neutrokine-o Newrokine-¢ and/or Nevtrokine-aSV polypepride

composition, the method of administration, the scheduling of administration,
and other faclors kmown o practitioness.  The “effective amoust” of
Neutrokine- and/or Newrokine-uSV polypeptide for purposes herein is thus

deterrnined by such considerations.

As a general proposition, the wil pharmareutically effeciive amount of
Newwrokine- andfor Neutrokine-aSV polypeptide adminisiered parenterally per
dose will be in the range of abowt 1 pp/kp/day 1o 10 me/kg/day of paticet body
weight, although, 25 noted above, this will be subject 1o therapeutic discretion,
More preferably, this dose is at Jeast 0.01 mpfkg/day, and most preferably for
humans betwesn about 0.01 and 1 mgkg/day for the hormone. If given
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continuously, the Neutrokine-g and/ur Neutrokine-aSY polypeptide is typically

adminisiered at a dose rate of about 1 pp/kp/hour to about 50 pg/kg/hour, either
by |-4 injections per day or by continuous subcutancous infusions, for
example, using a mini-pump.  An intravenous bag selution may also be
employsd. The length of ireatment needed to observe changes and the intarval
fellowing weatment f0r responses to ocoar appears to vary depending on the
desired effect.

Phasrnareutical  compositions  containing  Newtrokine-n  and/or

Neuwokine-aSV polypeptides of the invention may be adminisiered orally,

rectally, parenterally, inracisiemally, intravaginally, intraperitoneally, topically
{28 by powders, ointments, drops or transdermal patch}, bucally, or as an oral
of nasal spray. In one embodiment, "pharmecewtically acceptable carrier”
means a non-loxic solid, sermisolid or liquid filler, diluent, encapsulating
material or formulation auxiliary of any type. In a specific embodiment,
“pharmacentically accepiable” means approved by a regulatory agency of the
federal of a state povernment or listed in the U.S. Pharmacopeiz or other
generally recognized pharmacopeia For use in animals, and more particularly
bumans. Nonlimniting examples of suitable pharmaceutical carriers according 1o
this embodiment are provided in “Remington’s Pharmacentical Sciences™ by
EW. Martin, and include sterile liguids, such as water and oils, including those
of petroleum, animal, vegetable or synthetic arigin, such as peantt oil, soybean
oil, mineral oil, sesame oil and the Jike. Water is 2 preferred carder when the
pharmaceutical corposition is administered intravenously. Saline sojutions and
aquepus dextrose and plycerol solutions can be employed as liguid CarTiers,
particularly for injectable solutions.

The term "parenteral” a5 used berein refers to randes of administration
which include intravenous, intramuscular, Inmaperitoneal, intrasternal,
subcytaneous and ntraarticular injection and infusion.

‘The Neutrokine-o and/or Neutrokine-aSV polypeptide is also suitably

administered by susiined-release systems. Suitable examples of
sustzined-release compositions inchude semi-permeable polymer matrices in the
form of shaped aricles, e.g., films, or mirocapsules. Sustained-release
mardces include polylactides (U.S. Pat No. 3,773,919, EP 58481),
copolymess of L-plutamic acid and gamma-ethyl-L-glutamate {Sidman, U. o
al., Biopolymers 22:547-556 (1983)), poly (2- hydroxyethyl methacrylate) (K.
Langer et al., J. Biomed. Mater. Res. 15:167-2T7 (1981), and R. Langer,
Chem. Teck. 12:98-105 (1982)), ethylene viny] acetate (R Lenger et al., Id.) or
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paly-D-  (-)-3-hydroxybutyric acid (EP 133 988). Sustained-release
Neuwokine-o andior Nentrokine-aSV polypeptide compasitions also include

liposomally entiapped Newrokine-m sndlor Newtrokine-aSV polypeptide,
Liposomes containing Neutrokine-o andfor Neutrokine-uSV polypeptide  arc

prepared by methods known per se: DE 3,218,12); Epstsin et al., Proc. Natl,
Acad. Sci. {USAY 82:3688-3692 (1985); Hwang et zl., Prec. Natl. Acad. Sei,
(USA) 77:4030-4034 (1980); EP 52,322 EP 36,676; EP 88,046; EP 143,949,
EP 142,641; Japanese Par. Appl. 83-118008; 1.S. Pat. Nos. 4,485,045 and
4/544,545; and EP 102,324. Ordivarily, the liposomes are of the small (about
200-800 Angstroms) unilamellar type in which the lipid content is preater than
about 30 mol. percent chalesterol, the sclected proportion being adjusted for the
uptimal Neutrokine-a and/or Neutokine-aSV polypeptide therapy.

For parenteral administratior, in one cmbodiment, the Neutrokine-g
andfor Neutrokine-aSV polypepiide is formulated generally by mixing it =t the

desired degree of purity, in a wnit dosage injectable form (sointion, sospeasion,
or emulsion), with a pharmacevtically accepiable camier, ie., one that is
non-toxic 10 recipients at the dosages and concemirztions employed and is
compatible with other ingredicots of the formulation. For cxample, the
formulation preferably does not isclude oxidizing agents and other compounds
Lhat are known to be deleterious to polypeptides,

Generally, the formulations are preparcd by contacting the Neutrokine-t:
and/or Neuuokine-xSV polypeptide uniformly and intmetely with liquid
carriers o finely divided solid carriers or both. Then, if necessary, the product
is shaped into the desired formuiation,  Prefecably the carier is a paresteral
carrier, more prefersbly a solution that is isotenic with the bicod of the
recipient.  Examples of such camier vehicles include water, saline, Ringer's
solution, and dexwose solution. Non-agueous vehicles such as fixed ojls and
ethyl oleate are also usefu) herein, as wel) as liposomes.

The camier svitably conwmins minor amoumts of additives such ag
substances tha! enhance isotonicity and chemical stability. Such materials are
RON-OKIC 10 recipients at the dosages and concentrations employed, and include
buffers such as phosphate, citrate, sucrinate, acetic acid, and other organic acids
or their salts; antioxidants such a5 escorbic acid; jow molecular weight (less than
about ten residues) polypeptides, e.g., polyarginine or wipeptides; proteins,
such as serum albumin, gelatin, or immunoglobulins, hydrophilic polymers
such as polyvinylpymolidons; amino acids, such as glycine, glutamnic acid,
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asparic acid, or arginine; monosaccharides, disaccharides, and other
cabobydrates including cellwlose or i derivaives, glucose, mamose, or
dextrins; chelating agents such as EDTA; sugar alcohols such as mannitol or
sorbitol; counterions such as sodium; and/or neaionic surfactanis such as
pelysorbates, poloxamers, or PEG.

The Neubukine-w anlfor Newtrokine-cSV polypeptide is typicaily
formulated in soch vehicles al 2 concentration of about 0.1 mg/mi o 100 mg/mi,
preferably 1-10 mg/mi, at a pH of about 3 to 8. It will be understood that the
use of certain of the foregoing excipients, cartiers, or stabilizers will result in
the formation of Neotrokine-o. and/or Neutrokine-aSV polypeptide salts.

Neutrokine-o and/or Neuvtrokine-aSV palypeplide to be used for
therapeutic administration must be sterile. Sterility is readily accomplished by
filtratien lthvough sterile filiration membranes (e.g., 0.2 microa membranes).
Therapeutic Neutrokine-a and/or Nevtokine-eSV polypeptide compositions

generally are placed into a container having a sterile access port, for example, an
inravenous solution bag or vial having 2 stopper picrceable by a hypodermic
injection peedle.

Neorrokine-a and/or Neutrokine-cSV polypeptide ordinarily will be
stored in unit or multi-dose containers, for example, sealed ampoules or vials,
as an aguieous solution or as a lyophilized formulation for zeconstitution. As an
example of a lyophilized formulation, 10-ml vials are filled with 5 ml of
stedle-filtered 1% (w/v) agueous Neuvwokine-¢ andfor Neutrokine-aSV
polypeptide solution, and the resulting mixture is Jyophilized. The infusion
sclution s prepared by reconstiutng lbe lyophilized Neutrokine-a and/or

Neutrokine-zSV polypeptide using bacreriostatic Water-for-Injection.

‘The invention also provides a pharmaceutical pack or kit comprising one
or more containers filled with one or more of the ingredients of the
pharmaceatical compositions of the invenlion.  Associated with such
containzr(s) can be 2 notice in the form prescribed by a govemmental agency
regulating the manofaclure, use or sale of pharmaceuticals or biologica)
products, which potice reflects approval by the ageacy of manufachuee, vse or
sale for human administration. In addition, the polypeptides of the presem
invention may be employed in conjunction with other therapeutic compounds.
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Agonists and Antagonists - Assays and Molecules

The invention also provides a methed of screening compouvads B
identify those which enhbance or block the action of Neutrokine-o andfor
Nestrokine-aSV polypeptide on cells, such as its interaction with Neuroking-u
and/or Neutrokine-nSV binding melecules such as receptor molecules.  An
sgonist is a compound which increases the matwral biological fmctions of
Neatrokine-a and/or Neutrokise-uSV or which funclions in a manner similar to

Neutrokine—x and/or Neutrokine-aSV while anlagonists decrease or eliminae

such functions.

In another embodiment, the invention provides & method for identifying
a receptor protein or other Jigand-binding protein which binds specifically 10 2
Meutrokine-o andfor Neutrokine-aSV polypeptide.  For example, a cellular
compartment, such a5 a membrane or a preparation thereof, may be prepared
from a cell thal expresses 2 wwolecvle that binds Newtrckine-a andfor
Neutrokine-wSV. The preparation is incubated with labeled Neutrckine-o
and/or Neotrokine-oSV and complexes of Neuvokine-a and/or Neutokine-
aSV bound 1o {be receptor or other binding protein are isolated and
characterized according lo routine methods known in the arL  Alternatively, the
Neutrokine-z and/or NeutrokinewSV polypeptide may be bound to a solid
support o that binding moletules solubilized from cells are bound w0 the
cojumn and then eluted and characterized according to routing mathods.

In the sssay of the invention for agonists or antagonists, a celivlar
compartment, such as a membrane or a preparation thersof, may be prepared
from a cell thal cxpresses a molecule that binds Newtrokine-o andfor
Neutokine-aSV such a5 a molecule of a signaling or regulalory pathway
modulated by Neuwokine-a snd/or Newirokine-oSY. The preparation is
intubated with labeled Neutrckine-a and/or Neutrokine-zSV io the absence or
the presepce of 2 candidatz molecule which may be a Newotrokine-o and/or

Neutrokine-aSV agonist or antagenist. The ability of the candidale molecule to

bind the binding molecule is reflected in decreased binding of the labeled ligand.
Molecules which bind gratuitously, ie., withouwt inducing the effects of
Neutrokine-a on binding the Neulrokine-n andfor Neutrokine-uSV binding

molecule, are most likely 1o be good antagonists.  Molecules that bind well and
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slicit effects wat are the same 25 or closely related o Neutrokine-o andfor
Neutrokine-aSV are agonists.

Neutrokine-o and/or Neatrokine-a8V -Jike effects of potentia} agonists
and anlagonists may by measured, for instance, by delermining aclivity of a
second messenger sysiem following interaction of the candidate molecule with a
cell or approprisie cell prepasation, and comparing the effect with that of
Neutrokine-o and/or Neatrokine-aSV or molecies that elicit the same effects as

Neutrokine-o and/or Neuotrokine-¢SV. Second messenger systems that may be
useful in this regard include but are not fimited 1o AMP guanylaie cyclase, ion
channel or phosphoinasitide hydrolysis second messenger systems,

Ancther example of an assay for Neutrokine-a andfor Newtrokipe-a5V
antaponists is a competiive assay that combines Neutrokine-a andfor
Neutrokine.oSV and 2 potentinl anjagonist with membrane-bound reepior

molecules or secombinant Neuwlokine-e and/or Neutrokine-aSV receptar
molecules under appropriste conditions for a competitive inhibition assay.

Neutrokine-o and/or Neutrokine-eSV can be labeled, such as by radioactivity,

such that the number of Neuirokine-o and/or Neutrokine-aSY molecules bound

10 a feceptor molecule £an be determined nrcurately 1o assess the effeciiveness
of the potential antagonist.

Potential antagopists include small erganic moleceles, peptides,
polypeptides and antibodies that bind to a polypeptide of the invention and
thereby inhibit or extinguish its activity. Potentinl antagonists also may be smel)
organic molecules, a peptide, 2 polypeptide such as 2 closely related protein or
antihody that binds the same sites on a binding molecule, such as a receptor

molecule, without inducing Nestrokine-a andfor Neutokine-aSV induced
activilies, thereby preventing the action of Neatrokine-a and/or Neurokine-oSV
by excluding Neutrokine-a and/or Newwrokine-oSV from binding.

Other potential antagonists include amisense molecules.  Antisense
technology can be vsed 1o control gene expression through antisense DNA or
RMA or through miple-helix formation. Antisense techniques are discussed, for
example, in Okano, I, Nenrochem. 56: 560 {1991); "Oligodeoxynucleotides s
Antisense Inhibitors of Gene Expression, CRC Press, Boca Raton, FL (1988).
Antisense technology can be used to control gene expression through antisense
DNA or RNA, or through wmiple-helix formation, Antisense techniques are
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discussed for example, in Okano, J. Newrochern. 38:560 (1991);
Obigodzoxynucleotides as Antisense Inhibilors of Gene Expression, CRC
Press, Boca Raton, FL (198B). Triple helix formation is discussed in, for
instance Lee of al., Nucleic Acids Research 6: 3073 {1979); Cooney et al.,
Science 241: 456 (1988); and Dervan f al., Science 251: 1360 {1991). The
raethods are based on binding of a polynuclentide o a complementary DNA or
RNA. For cxample, the §' coding portion of a polynucleotide that encodes the
extracelhular domain of the polypeptide of the present invention may be used v
design an antisense RNA oligonucleotde of from aboat 10 1o 40 base pairs in
length. A DNA oligonucieotide is dzsigned 1o be complemsntary 10 2 region of
the gene involved in transcription lherby preventing transcription and the
production of Neutrokine-or andfor Newtrokine-aSV. The antisense RNA
oligooucleotide hybridizes 1o the mRNA in vivo and blocks translation of the
mRNA molecule into Neuwwrokine-a and/or Neutrokine-oSV polypeptide, The

ofigonucleotides described above can also be delivered to cells such that the
aniisense RNA or DNA may be expressed in vive to inhibit production of
Neutrokine-a and/or Neutrokine-oSV.

1n one embodiment, the Neutrokine-u and/or Neutrokine-cSV antisense
oucleic acid of the invention is produced intraceliniarly by transcription from an
exogenous sequence. For example, a vecior or 2 portion thereof, is Lranscribed,
producing an anlisense nucleic acid {(RNA) of the invention. Such 3 vector

" would contain a sequence encoding the Nevmokine-o and/or Neutrokine-oSV

antisense pucleic acid.  Such 2 vettor can remain episomal or become
chromosomally integrated, 25 Jong a5 it can be imnscribed 1o produce the
desired antisense RNA. Such vectors can be constructed by recombinant PNA
technology methods standard in the art. Veclors can be plasraid, viral, or others
know in the art, used for replication and expression in vercbrate cells.
Expression of the sequence encoding Neutrokine-o and/er Newtrokine-aSV, or
fragments thereof, can be by any promoler known in the art to act in vertebrate,
preferably buman cells. Such promoters can be inducible or constittive. Such
promoters include, but are ot limited 1o, the SV40 early promoter region
{Bernoist and Chambon, Namre 29;304-310 {1983), the promoter contained in
thz 3' Jong terminal repeat of Rous sarcoma virus (Yamamoto of al., Cell
22:787-797 (1980), the herpes thymidine promoter (Wagner et al., Proc. Natl.
Aced. Sci. U.S.A. TH:1441-1445 (1981), the repulatory sequesces of the
metallothionein gene (Brinster, et al., Natore 296:39-42 (1982)), etc.

The antisense nucleic acids of the inventon comprise a sequence
complementary 1 at Jeast a portion of an RNA transcript of a Neutrokine-«
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and/or Neutrokine-aSV gene.  However, absolute complementasity, although
preferrzd, is not required. A sequence “complementary to at least a porUion of
an RNA" referred 1o herein, means a sequeoce having  sufficient
complementarity to be able 10 hybeidize with the RNA, forming a steble dupiex;
in the case of double stranded Neutrokine-n andfpr Neutrokine-aSV antisense
nucleic acids, a single strand of the duplex DNA may thus be tested, or wiplex
formation may be assayed. The ability to hybridize will depend on both the
degree of complementarity and the length of the antisense nucleic acid
Generally, the larger the hybridizing nucleic acid, the more base mismatches
with 2 Newtrokine-a and/or Neutrokine-oSV RNA it may contain and still form
a stable duplex (or wiplex as the case may be). One skilled in the art tan
ascertain a tolerable degree of mismalch by use of standard procedures w
delermine the melting point of the hybridized complex.

Oligonucleotides that are complemnentary 1o the 5' end of the message,
e.g., the 5 untanstated sequence up to and including the AUG initiagon
codon, should work most efficientty at inhibiting vanstation. However,
sequences complementary to the 3 untranslated sequences of mRNAs have
besn shown to be cffective at inhibidng transtadon of mRMNAs as well. See
generally, Wagner, R., 1994, Namre 372:333.335. Thus, oligonucleotides
complementary 1o either the 5 or 3~ non- translated, non-coding regions of
Neutrokine-a and Nevuokine-oSV shown in Figures 1A-B and 5A-B,
respectively, could be used in an antisense approach to inhibit translation of
endogenous Neutrokine-a and/or Neutrokine-aSV mRNA.  Oligonucieotides
compleroentary to the 5' untranslated repion of the mRNA should inclede the
complement of the AUG stat codon. Antisense  oligonucleotides
complementary 10 mRNA coding regions are less efficient inhibitors of
wansiation but could be used in accordance with the invention. ‘Whether
desipned to hybridize 1o the 5, 3- or coding region of Newtrokine-o andfor
Neuotrokine-aSVY mRMA, antisense nucleic acids should be @ Jenst six
pucleotides in lenpth, and are preferably cliponucleotides ranging from 6 to
about 50 nucleatides in I=ogth, In specific aspects the oligonucleotide is at feast
10 pucleotides, at least 17 nucleolides, at Jeast 25 nucleotides or at least 50
aucleotides.

The polynucizotides of the invention can be DNA or RNA or chimedc
mixtures or derivatives or modified versioas thereof, single-stranded or double-
stranded.  The oligonucleotide can be modified al the base mojety, sogar
moiely, or phusphate backbone, for example, to improve swhility of the
molecule, hybridization, etc. The oligonuciectide may inclode other appended
groups such as paptides {e.g., for targeting host c2ll receplors in vive), of
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agents facilitating wansport across the celi membrane (see, e.g., Letsinger et al.,
1989, Prot. Natl. Acad. Sci. U.S.A. 86:6553-6556; Lemaitre o ab., 1987,
Proc. Natl. Acad Sl 84:648-652, PCT Publication No. WOB8/M9R1G,
published December 15, 1988) or the blood-brain bamier {sce, 2.4., PCT
Publication No. WOBY10134, published April 25, 1988), hybridization-
triggered cleavage agemts. (See, e.g., Krol & al,, 1988, BinTechniques 6:958-
§76) or inercalating agents. {See, e.g., Zon, 1988, Pharm, Res. 5:539-349).
To this end, the oligonucleotide may be conjugated to ancther molecule, e.g., 2
pepide, hybridization triggersd cross-linking agent, tramsport  agent,
bybridization-triggered cleavags apeat, eic.

The aptisense oligonucieotide may comprise a! least one modificd base
moiety which is selecled from the group including, but not bmited 1o, 5-
fleorovracil, S-bromowscil, S-chlorouracil, S-iodouracil, hypoxanthine,
xantine,  4d-acetyleytosine, S-{carboxyhydroaylmethyl)  uracil, 5.
carboxymelhylaminometbyl-2-thiouridine, S-carboxymethylaminomethyleracil,
diiydrouracil, beta-D-galactosylquensing, inosine, N6-isopentenyladenine, 1-
methylguanine, l-methylinosine, 2.2-dimethylguanine, 2-methyladenine, 2
methylguanine,  3-methyleylosine, S-methylcytosine, N6-adenine, 7-
methylgouanine, S-methylaminomsthyloracil, S-methoxyaminomethyl-2-
thiouracl,  betz-D-mannosylquessine,  S-methoxycarboxymethyhuracil,  5-
methoxyurzcil, 2-methylthio-N6-isopeatenyladenine, uracil-S-oxyacetic acid
{v}, wybutoxosine, psendouracil, queosine, 2-thiccylosine, S5-methyl-2-
thiouracil, 2-thiouracll, 4-thiouracil, S-methyluracl, eracil-S-oxyacetic acid
methylester, vracil-S-oxyeceiic acid (v}, 5-methyl-2-thicuracif, 3-(3-amino-3-N-
2-carboxypropyl) urscil, (acp3)w, and 2,6-diaminopurinz. _

The antisense oligonuclentide may also cnmpris'c al Jeast one roodified
sugar moicty selected from the group including, but not limjted to, zrabinose,
2-fiuoroarabinose, xylulose, and hexose.

Ip yet another embodiment, the antisense ofigonucleotide comprises at
Jeast one modified phosphate backbone selected from the group including, but
oot hmited  to. 2 phosphorothioate, &  phosphorodithicate, 2
phosphoramidothioate, a  phosphoramidate, a phosphordiamidate, 2
methylphosphonate, an alkyl phosphotricster, and a2 formzcetal or analog
thereof.

In yet another embodiment, the anfisense oligonucleotide is an
ganomeric oliganucieotide.  An a-apomeric oliponucleatide forms specific
dovble-stranded hybrids with complementary RNA in which, contrary 1o the
usual b-units, the strands run parallel 1o cach other (Gauticr e al., Nucl. Acids
Res. 15:6625-6641 (1987)). The oligonuclentide is a2 2¢-0-



il

25

Jo

35

124

methylribonucleotide (Inoue ct 2k, Nucl. Acids Res. 15:6131-6148 (1987)), or
z chimetjc RNA-DNA analogue {Tnoue ef al,, FEBS Lew. 215:327-330 (1997)).

Polynucieotides of the invention may be synthesized by standard
methods known in the an, £.g. by use of an anomated DNA synthesizer (such
as are commercially available from Biosearch, Applhied Biosystems, eic.). As
examples, phosphorothicate oligonucleotides may be symbesized by the method
of Swein e al. ( Nocl Acids Res. 16:3209 (1988)), methylphosphonate
sligonucientides can be prepared by use of contmlled pore glass polymer
supponts (Sarin e 2f,, Proc. Nal. Acad. Sci. U.S.A. 85:7448-7451 (1988)),
eic.

While antiscnss nucleotides complementary to the Neotrokine-o and/or
Nevrrokine-«SY coding region sequence could be used, those complementary
10 the wranscribed untranslated region are most preferred.

Potential entagenisis according to the invention alse include catalyiic
RNA. or a ibozyme (Sze, ¢.2., PCT International Publication WO 80/11364,
published October 4, 1950; Sarver et al, Science 247:1222-1225 (1990). While
ribozrymes that cleave mRINA 2t site specific recognition sequences can be used
1o destroy Neutrokine-w andfor NeutrokinewSY mRNAs, the use of
hammerhead ribozymes is preferred. Hammerhead dborymes cleave mRNAs
& Jocations diclated by flanking regions that form complementary base pairs
with the target mRNA. The sole requirement is that the tarpet mRNA have the
following sequence of two bases: 5-UG-3. The construclion and production
of hammerhead ribozyrmes is well known in the art and is described more fully
in Haseloff and Gerlach, Natre 334:585-581 (1988). Thare are sumerous
polential hammerhead fbozyme cleavage sites within the nucleotid= sequence of
Neutrokine-or and Newtrokine-aSV (Figures 1A-B and 5A-B, respectively).
Preferably, the ribozyroe is engineered so that the cleavage recogoidon sitz is
focaied pear the 5° end of the Neutrokine-x andfor Nestrokine-uSV mRNA;
i.e., 0 increase efficiency and minimize the inwracelinlar sccimulation of non-
finetional mRNA transcripts,

As in the antisense approach, the ribozymes of the invention can be
composed of modified oligonuclzatides (e.g. for improved stability, targeting,
ete.) and should be deliversd 10 cells which express Neutrokine-o andfor
Neutrokine-oSY in vivo. DMA constructs encoding the ribozyms may be
introduced into e cell in the same manner as described above for the
introduction of antisense encoding DNA. A prefered method of delivery
involves using a DNA construct "encoding” the riboryme under the control of a
strang constimtive promoter, such as, for example, pol O ar pol Tf promoter,
so thar wansfecied cells will produce sufficient quantities of the rdboryme w©
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destroy endogenous Neatrokine-a and/or Nevirokine-aSV messages and inhibit
translation. Since ribozymes unlike antistnse molecules, are catalytic,  lower
intracetlolar concentration is required for efficiency.

Endogenous gene expression can also be reduced by inactivaing or
“knocking oui” theNeuwokine-o andfor Neutrokine-oSV pene andfor its
promoter using targeted homologous recombination. (E.g., se2 Smithies el al.,
Nature 317:230-234 (1985); Thomas & Capecchi, Cell 51:503-512 (1987);
Thempson et al., Call 5:313-321 (1989); each of which is incorporated by
reference berein in its entirery). For cxample, 2 mutant, non-functional
polypucleotidz of the invention (or a completely unrelated DNA sequence)
flanked by DNA homologous to the endopenous polynucieotide sequence
(either the coding regions or regulatory regions of the gene) can be used, with
or without 8 selectable marker and/or & negative sclectable marker, to transfect
cells that express polypeplides of the invemion in wive. In another
embodiraent, techniques known in the ant are used to generaie knockouts in
cells that conlain, but do not express the gene of interest, Inserion of the DNA
construct, via targeted homologous recombination, results in inactivation of the
trgeted gene.  Soch approaches are paniculady suited in research and
apricultural fields where modifications to cmbryonic stem cells can be used 10
geperele animal offspring with an inactive targeted gene {e.g., see Thomes &
Capecchi 1987 and Thompson 1989, supra). However this approach can be
routinely adaptzd for use in humans provided the recomsbinant DNA eonstructs
are directly adminisiered or largeted lo (b2 required sz in vive using
appropriate viral vectors that will be apparent to those of siGll In the art. The
coments of cach of the documents recited in this paragraph is herin
incorporaled by reference in its entirety.

In other embodiments, antagonists according to the present invention
include soluble forms of Neutrokine-a andfor Nevtrokine-aSV (e.g., fragments
of Neutrokine-n shown in Figures 1A-B that include the ligand binding
domain, TNF conserved domain, andfor extraceBular domain of Neutrokine-a
and/or Neutrokine-aSV and fragments of Neutrokise-oSV shown in Figares
S5A-B that include the ligand binding domain, TNF conserved dornain, andfor
extracellular domain of Neutrokine-z and/or Neutrokine-oSV)Y. Such soluble
Torms of the Neuuokine-o and/or NentrokinewSV, which may be natmlly
occuming or synthetic, antaponize Neutokine-¢ and/or Neurokine-oSV
mediated  signaling by compzting with native Neutrokine-a  andfor
Neutrokinc-aSV for binding to Newtroking-u andfor Neutrokine-oSV recepiors
(t.g., DR5 (See, Inemational Publication No, WO 98/41629), TRIO (See,
International Publication No, WO 98/54202), 312C2 (See, Intemnational
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Publication No. WO 08/06842), and TRI1, TR11SVI, and TRIISV2 (See,
U.S. Application Serial No. 09/176,200}), and/or by forming 2 multimer that
may or may not be capable of binding the receptor, but which is incapable of
inducing signal wansduction,  Preferably, these antagonists  inhibit
Neutrokine-c andfor Neutroking-oSV medinted simulation of Jymphacyte
{e.p., B-oll) proliferation, difforendation, and/or activalion. Antagonists of
the present invention also include antibodies specific for TNF-family ligands
and Nestrokine-a—Fe aod/or Nentrokioe-0.SV-Fe fusion proteins.

By a "TNF-family ligand” is imended naturally occurring, recombinant,
and symhetic %gands that are copsble of binding 10 2 member of the TNF
recepior family and inducing andfor blocking the Bgandieceplor signaling
pathway. Members of the TNF ligand family include, but are not limited 10,
TNF-c:, lymphotoxin-o (LT-, also known as TNF-b), LT-b (found in complex
heterotmer LT-:2-b), FasL, CP40L, CD27L, CD30L, 4.1BBL., OX40L and
nerve growth factor (NGF). To preferred embodiments, the Neotrokine-n
andfor Neutrokine-aSV TNF-family ligands of the inveption are DRS (See,
International Pobiication No. WO 9B/41629), TR10 (Ser, International
Publication No. WO 98/54202), 312C2 (See, International Publication No. WO
98705842}, and TR11, TR118V1, and TR1 18V2 {See, V.S, Application Serial
No. 09/176,200).

Antagonists of the present invention also include antibodies specific for
TNF-family receptors or the Neotrokine-a and/for Neuyokine-aSV polypeptides
of (be invention. Antibadics according to the present invention may be prepared
by any of a varety of standard methods using Neutrokine-a andfor
Neutrokine-aSV immunogens of the presenl invention, As indicated, such
Neutsoldne- andior Neutrokine-oSV  immunmogens include the compleie
Nentrokine-g and Neutrokine-oSV polypeptides depicted in Figures 1A-B
(SEQ ID NO:2) and Figures 5A-B (SEQ ID NO:19}, respectively, (which may
or may not inciude the leader sequence) end Nevwokine«  andfor
Newtokine-aSV polypeptide fragments comprising, for exatmple, the Hgand
binding domain, TNE~conserved domain, extracellular domain, tansmembrane
domain, and/or intracelular domain, or any combination thereof.

Polyclonal and monoclonal antfbody agonists or antagonisis according
10 the present iovention can be raised according 1o the methods disclosed in
Tartaghia and Goeddel, 7. Biol. Chem. 267(7):4304-4307(1952)); Tastaglia et
al, Cell 73:213-216 {1993)), and PCT Applicaton WO 94/09137 and are
preferably specific 1o {i.e., bind uniguely to polypeptides of the ipvention
having the 2mino arid sequence of SEQ ID NO-2. The werm "antibody” (Ab) or
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“monoclonal antibody” {mAb} as ssed hereln is meant 10 include intecy
molecules as well as frapments thereof (such as, for example, Fab and F{ab")
fregments) which are capable of binding ap antigen. Fazb, Fab' and Flab")
Tagments lack the Fo fragment intact antibody, clear more rapidly from the
circulation, and may have less noo-specific ssue binding of an intact antibody
(Wahl et ab, J. Nucl Med, 24:316-325 {1983)).

In a preferred method, antibodies according fo the present invention are
mAbs. Such mAbs can be prepared using hybridoma technology (Kohler and
Millstein, Narre 256:495-497 {1975) and U.S. Patent No. 4,376,110; Haslow
et al., Aniibodies: A Laboratory Manual, Cold Spring Harbor Lahoratory Press,
Cold Spring Harbor, NY, 1988; Moncclonal Antibodies ond Hybridomas: A
New Dimension in Biological Analyses, Plenum Press, New York, NY, 1930;
Campbell, "Monocional Aniibody Technology,” In: Laborutory Technigues in
Biochemistry end Molecular Biology, Volume 13 (Burdon & al, eds),
Elsevier, Amsterdasm (1984)).

Proteins and other compounds which bind the Neulrokine-a and/or
Neuokine-aSV domains are also candidate agonisis and antagonists according
to the present invention. Such binding compounds can be "captured” using the
yeast two-hybrid system (Fields and Song, Nanwe 340:245-246 (1989)). A
medified version of the yeast two- hybrid system has been described by Roger
Breat and his colleagues (Gyuris, Cell 75:791-803 {1993); Zervos el al., Cell
7%:223-232 (1993)). Prefevably, the yeast two-hybrid system is used according
to the present jnvention to capture compounds which bind 1o the ligand binding
dornain, extracellular, intraceBular, ransmembrane, and death domain of tha
Neutroking-a andfor Newtrokine-oSV. Such compounds are good candidate
agonists and antagonists of the present invention.

For example, using the two-hybrd assey described above, the
extraceilular or intracetiular domain of the Neutroking-n andfor Neutrokine-oSV
receplor, or a portion thereof, may be used (o identify cellular proteins which
interact with Neotrokine-a and/or Neutrokine-aSV the recepios in wive. Such
an assay may aiso be ssed to idsodfy ligends with potential agomistic or
antagonistic activity of Neutrokine-a and/or Newtrokine-aSV receptor function,
This screening assay has previously been used to identify protein which interact
with the cyloplasmic domain of the murine TNF-RU and led t0 the identification
of two reeeptor associated proteins. Rothe e2 al, Cell 78:681 (1994). Such
proteins apd amine acid sequences which bind to the cytoplasmic domain of the
Neutrokine-o and/or Neurokine-aS V reeeptors are good candidate agonist and
antagonist of the present invendon.
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Onher screening technigues inchude the use of cells which express the
polypeptide of the present invention (for example, transfected CHO cells) in a
systern which measuses extracellular pH changes caused by receptor activation,
for example, as described in Science, 246:181-296 (198%). In another
exarnple, potential agonists or antagonists may be contacted with a cell which
expresses the polypeptide of the preseal inveation and a second messenger
response, .., signal transdnction may be measured 16 determine whether the
potential antagonist or agoaist is effective.

Agonist according to the present lovention include nanrally oceurming
and synthetic compounds such as, for example, TNF family ligand peptide
fragments, transforming growth factor, neusotranstainers (such as glulamaie,
dopamine, A-methy}-D-aspartate), WWmor Suppressars {(p53). cytolyiic T cclis
and anlimetabolites, Preferved agonists include chemotherapeutic drugs such
as, for example, cisplatin, doxerubicin, bleomycin, cytosine arabinoside,
sitrogen mustard, methotrexate and vincristine. Others include ethanol and -
amyloid peptide. (Science 267:1457-1458 (1993)).

Preferred  2gonists are  fregments of Neutrokine-o andfor
Neutrokine-oSV polypeptides of the invention which stimulate Tymphocyte
{e.g, B cell) proliferation, differentiation and/or activation. Funher preferred
agoists include polyclopal and monoclonal antibodies raised against the
Neutrokine-z and/or Neutrokine-oSV polypeptides of the invention, or a
fragment thereof. Such agonist antibodies raised against a TNF-family recepior
are disclosed in Taraglia et al. Proc. Nl Acod. Sci. USA 88:0202-9206
{1991}; and Tartaglia et al, J. Biolk Chem. 267:4304- 4307(1992). Sec, also,
PCT Application WO 54/09137.

In furber embodiments of the invention, cells that are genetically
engincered to express the polypeptides of the invention, or aitcraatively, that are
genetically caginesred not o cxpress the polypeplides of the invention (e.g.,
knockouts} are administzred 1o a patient in vivo. Such cells may be obtained
from the patient (f.e., animal, including human) or an MHC compatible donot
and can include, but are not limited 1o fibroblasts, bone marrow cells, blood
cells {e.g.. lymphocytes), adipacytes, muscle cells, endothelial cells etc. The
cells are genetically enpineered in vitrp using recombinant DNA technigues o
introduee the coding sequence of polypeptides of the invention into the cells, of
dematively, to disrupt the coding sequence and/or endogenous regulatory
sequence associmted with the polypeptides of the invention, e.g.. by
wansduction (using viral vectors, and preferably vectors that imteprate the
wansgene into 1he cell genome) or tansfection procedurcs, ipcluding, but not
lirnited to, the use of plasmids, cosmids, YACs, naked DNA, electroporation,
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liposomes, etc. The coding sequence of the polypeptides of the invention ean
be placed under the control of a sirong constitutive or inducible promoter or
promoterfenhancer 1o zchieve expression, and prefersbly secretion, of the
polypeptides of the invention. The engineersd cells which express and
preferably secrete the polypeptides of the invention can be introduced into the
patient systemically, e.g, in the circulation, or intrzperitoneally.

Alternatively, the cells can be incorporated into a matrix and implanted in
the body, e.g., genetically epgineered fibrobiasts czn be implanted as part of a
skin graft; genstically engineered endothelial cells can be implanted as part of 2
lympbatic or vascular graft.  (Sec, for exarnple, Anderson et al 1.5, Patemt
No. 5,399,34%; and Mulligan & Wilson, U.5. Patent No. 5.460,959 cach of
which is incorporated by reference herein in its entirety).

When the cells to be administered are non-autologous or non-MHC
compatible cells, they can be administered using well known techniques which
prevent the development of 2 host immuns response against the introduced
cells. For example, the cells may be introduced in an encapsulated form which,
while allowing for an exchange of components with the immediate extraceliular
environment, does not allow the introduced cells to be recognized by the host
immune syslem.

In yet another erpbodiment of the invention, the ectivity of Neuyokine-a
and/or Neutrokine-oSV polypeptids can be reduced using a "dominanm
negative.” To this end, constructs which encode defective Neuwrokine-o and/or
Neutrokine-aSV polypeptide, such as, for example, mutanis lacking all or a
pertion of the TNF-conserved domain, can be used in gene thecapy approaches
to diminish the activity of Neutrokine~a apdior Neutrokine-uSV on appropriate
targel cells. For example, nucleotide sequences that direct host cell expression
of Neatrokine-c andfor Neutroking-aSV polypeptide in which ali or a portion
of the TNF-conserved domain is altered of missing car be introduced into
menocytic cells or other cells or tissues {either by in vive or ex vivo pene
therapy methods described herein or otherwise known in the art). Alternatively,
targeted homologous recombination can be uiilized to introduce such deletions
or muwations im0 the sebject's endopenous Neotrokine-w  and/or
Neutrokine-aSV gene in mosocyles. The enginesred cells will express aon-
functional Neutrokine-a apd/or Neutrokine-oSV polypeptides {j.c,, a ligand
{e.g., multimer) that may be capable of binding, but which is incapable of
inducing signal transduction).
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Chromosome Assays

The nucleic acid molecules of the present invention are also valuable for
chromosome idemtification. The sequence is specifically tarpeted o and can
hybridize with a particular location on an individual human chromesome.
Moreover, there is a current need for identifying particular sites on the
chromosome. Few chromosome marking reagents based on actual sequence
data {repeat polymorphisms) are presently available for marking chromosomal
location. The mapping of DNAs to chromosomes according to the presest
invention is an imponant first step in corrlaiing those sequences with genes
associated with disease.

In cerin prefemed embodiments in this regard, the cDNA and/or
polypucicotides herein disclosed is used 1o clone genomic DNA of a
Nentrokine-a andfor Nevtrokine-aSV genc. This can be 2ccomplished using 2
variery of well known techniques and libraries, which geperally are available
commercially. The genomic DNA then is used for in sir chromosome mapping
using well known technigues for this purpose.

In addition, in some cascs, sequences can be mapped 1o chromosomes
by preparing PCR primers (preferably 15-25 bp) from the cDNA.  Compuies
analysis of the 3' untranslated region of the geoe is used to rapidly select
primers thal do not span mom than one £xon in the genomic DNA, thus
complicating the amplification process, These primers are then wused for PCR
scresning of somatic cell hybrids containing individual human chromosomes.
Flunrescence i1 situ hybridization ("FISH"} of 2 cDNA clone o 2 metaphase
chromosomal spread can be used (o provids a precise chromosomal location in
oue step. This technique can be used with probes from the cDNA 25 short a5 50
or 60 bp. For a review of this technique, sez Verma et al, Human
Chromosomes: A Manual Of Basic Technigues, Pergamon Press, New York
{1988).

Once a sequence has been mapped 1o a precise chromosomal location,
the physica] position of the sequence o the chromesome tan be correlated with
genctic map data. Such daw are found, for example, in V. McKusick.
Mendelian Inherizance In Man, available op-line through Johns Hopkins
University, Welch Medicst Library. The relationship between genes and
diseases that have been mapped to the same chromosomal rogion are then
identified through linknge analysis (coinheritance of physically adjacent genes).

Next, 7t is necessary to determine the differences in the ¢DNA or
genomic sequence between affected and unaffected individuals. If a mulation is
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observed in some or all of the affected individuals but sot in any nermal
individuals, then the mutation is fikely to be the causative agent of the disease.

With current sesolution of physical mapping and genetic mapping
techniques, 8 cDNA preciszly localized to 2 chromosomal region associated with
the disease could be ane of berween 50 and 500 potential causative genes. (This
assumes | megabase mapping resolution and one gene per 20 kb),

Utilizing the techniques described above, the chromesomal location of
Neutrokine-a and Neutrokine-a8V was determined with high confidence using a
combination of somatic ccll hybrids and radiation hybrids 10 chromosome
position 13934,

Examples

Having generally described the invention, the same will be more readily
understood by mference to the following exarnples, which are provided by way
of illustration and arc not intendzd as Jimiting. Many of the following examples
ae set forth refeming specifically w0 Newtrokine-a polynucieotides and
polypeptides of the invention. Each example may also be practised 1o generate
andfor examine Neurokine-aSV polynucleotides andfor polypeptides of the
invention. Ont of ordinary skifl in the ant would easily be able 1o direct the
following examples to Neutrokine-aSV.

Example la:  Expression end Purification of *“His-tagged”
Neutrokine-« in E. coli . -

The bacierial expression vectar pQE9 (pD10) 35 used for bacterial
expression in this example. (QIAGEN, lne., supra). pQES encodes ampicillin
antibjotic resistance ("Ampr') and conlains a bacterial origin of replication
("ori"), an IPTG inducible promoter, a ribosome binding sits ("RBS™), six
codoas encoding histidine residues that allew affinity purification using
nickel-nitrilo-tri-acetic asid (“Ni-NTA") affinity resin sold by QIAGEN, Inc.,
supra, and suitable single restriction enzyme cleavage sites, Thzss elements are
arranged such that an inssrted DNA fragment encoding a polypeptide expresses
that polypeptide with the six His residves (ie., z “6 X His tag”) covalently
linked to the amino terminus of that polypepiide.

The DNA sequence encoding the desired portion of the Newrokine-a
prolein comprising the extraceBular domain sequence is amplified from the
deposited cDNA clone using PCR oligonucleotide primers which anneal to the
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2ming terminal sequences of the desired portion of the Neurokine-a protzin and
to sequences in the deposited construct 3" to the cDNA coding Sequence.
Additional aucleotides containing resuiction sites to faciliate cloning in the
pQE® vector are added to the 5" and 3 prisner sequences, respectively.

For cloning the extraceilular domain of the protein, the 5 primer has the
sequence 5' GTG GUGA TCC AGC CTC CGG GCA GAG CTG-¥ (SEQ I
NO:10) containing the underlined Bam HI restriction site followed by 18
nuclestides of the amine terminal coding sequence of the exwracelular domain of
the Neurokine-a sequence in Figures 1A and 1B. One of ordinary skill ja the art
would appreciate, of course, that the point in the prot=in coding sequence where
the 5 primer bepins may be varied to amplify a DNA segment encoding any
desired portion of the complets Neutrokioe & protein shoner or longer than the
exmacelintar domain of the form. The 3’ priter bas the sequence 3-GTG AAG
CTT TTA TTA CAG CAG TIT CAA TGC ACC-Y (SEQ ID NOY)
conlaining the underlined Hind HE restriction site {ollowed by two siop codons
and 18 nuclcotides complementary 1o the 3' end of the coding sequence of the
Neurokine-a DNA sequance in Figares 1A and IB.

The amplified Neorokine-s DNA fragment and the vector pQEP are
digested with Bam HI and Hind TH and the digesied DNAs are then ligated
wogether. Iosertion of the Neurokine-s DNA inte the restricied pQES vector
places the Newokinc: proteis coding region downsiream from the
{PTG-inducible promoler and in-frame with an initiating AUG and the six
histiding codons. | ’

The Yigation mixnure is transfonmed jato competent E. coff cells vsing
standard procedures such as those described in Sambrook et al., Molecular
Cloning: a Laboratory Manual, 2nd Ed.; Cold Spring Harbar Laboratory Press,
Cold Spring Harbor, NY {1989). E. coli strain M15/repd, conlaining multiple
copies of the plasmid pREPd. which expresses the Iac repressor and confers
kapamycin resistance {"Kan™), is used in camrying out the lustrative example
described herein. This strain, which it only one of many that are suitable for
cxpressing Newrokine-a protein, is available commercially from QIAGEN, Inc.,
supra. Transformants are identified by their ability to grow on LB plates in the
presence of ampicillin and kasamycin. Plasmid DNA Is isolaied from resistant
calonies and the identity of the cloped DNA confirmed by resuiction analysis,
PCR and DNA sequencing. Clones containing the desired constructs are grown
overnight ("O/N"} in iquid culwre in LB media supplememed with both
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ampicillin (100 itg/ml) and kanamycin (25 pg/ml). The O/N rulwre is used to
inoculate a large culture, at a dilution of approximately §:25 10 1:250. The cells
are grown 10 an oplical density at 500 nm ("OD600"} of hetween 0.4 and 0.6.

Isopropyl-B-D-thiogalaciopyranoside {"TPTG") is then added to a finad

conceatration of 1 mM 1o induce transcription from the Jac repressor sensitive
promoter, by inactivaling the lacl repressor. Cells subsequently are incubated
further for 3 1o 4 hours. Cells then are harvested by centrifugation.

The cells are then stirred for 3-4 hours at 4° C in 6M guanidine-HCL, oH

8. The cell debris is removed by cenuifugation, and the supematant containing
the Neurokine-a is lozded onto a nickel-nitrilo-tri-acetic acid ("Ni-NTA™) affiniry
resin column (available from QIAGEN, Inc., supra). Proteins with a 6 x His
tag bind to the Ni-NTA resin with high affinity and can be purified in 2 simple
ope-step procedure (for details see: The QILAexpressionist, 1995, QIAGEN,
Inc.. supra). Briefly the supemnatant is loaded onto the column in 6 M
guanidine-HC, pH 8, the column is first washed with 10 volumes of 6 M
guanidine-HCL, pH &, then washed with 10 voluroes of 6 M guznidine-HCI pH
6, and finally the Neurokine-z is eluted with 6 M guanidine-HCl, pH 5.

The purified protein is then renatred by dialyzing It against
phosphate-buffered saline {PBS) or 50 suM Na-aceiate, pH 6 buffer plus 200
mM NaCi  Alematively, the protein can be successfully refolded while
immobilized on the Ni-NTA column. The rcommended conditions ar as
foliows: repature using a linear 6M-IM urea gradient in 560 mM NaCl, 20%
glycerol, 20 mM Tas/HC! pH 74, containing prolease inhibitérs. The
renaturation should be performed over a perind of 1.5 hours or mom.  Afier
renaturation the proteins can be eluted by the addition of 250 mM immidazole.
Immidazole is removed by a fina} dialyzing siep against PBS or 50 mM sodium
acetate pH 6 buffer plus 200 mM NaCl, The purified protein is stored a1 4°C or
frazen at -80°C.

Example lb: Expression and Purification of Neutrokine-a in E.
coli
The bacterial expression vector pQE60 is used for bacterial expression in

this example. (QIAGEN, Inc., 9259 Elon Avenue, Chatswarth, CA, 91311),
pQEED encodes ampicillin antibiotic resistance ("Ampr”) and contaips 2 bacterial
origin of replication ("ori™), an IPTG inducible promotes, a ribosome binding
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site ("RBS™), six codons encoding histidine residues that allow affinity
pusfication using nickel-nitrilo-tri-acetic acid (“Ni-NTA”) affinity resin sold by
QIAGEN, Inc., supra, aod suitable single restriction enzyme cleavage sites.
These elements are arranged such that 2 DNA fragreent encoding 2 polypeptide
may be inserted in such as way gs 10 prodoce that polypeptide with the six His
residues (Le., 2 "6 X His tag”) covalently linked to the carboxyl terminus of that
polypeptids, However, in this example, the polypeptide coding sequence is
insertzd such thar tanslation of the six His codons is prevented and, therefore,
the polypeptide is produced with nio 6 X His 1ag.

The DNA sequence encoding the desired portion of the Neurokine-2
protein comprsing the exiracellular domain sequence is amplified from e
deposited cDNA clone using PCR oligonucleotide primers which anneal to the
amino terminal sequences of the desired portion of te Nearckine-a protein and
1o sequences in the deposited construct 3' to the cDNA coding sequence.
Additiona! nucleotides containing restriction sites to faciliate cloning in the
pQES0 vector are added to the 5 and 3' sequences, respectively.

For cloning the extracellular domain of the protein, the 5° primer has the
sequence §' GTG JCA TGA GCC TCC GGG CAG AGC TG ¥ (SEQ ID
NO:12) containing the underlined Bsp HI restriction site followed by 17
nucleotides of the amino terminal coding sequence of the exwacellalar domain of
the Neurokine-» scquence in Figures 1A and 1B, One of ordinary skill in the art
would eppreciate, of course, that the point in the prolcin coding sequente where
the §* primer begins may be varied lo amplify a desired portion of the complete
protein shorter or longer thas the exwacellular domain of the form.  The 3°
primer has the sequence 5-GTG AAG CTT TTA TTA CAG CAG TTT CAA
TGC ACC 3 (SEQ ID NO:13) containing the underlined Hind I restriction
site followed by two stop codons and 18 nucleatides complementary to the 3
end of the coding sequence in the Newrokine-a DNA sequence in Figures 1A
and 1B.

The amplified Neurokine-s DNA fragments and the vector pQE6D are
digested with Bsp HT and Hind LY ané tbe digesied DNAs are then ligated
topether. Insertion of the Neuiokine-a DNA into the restricted pQE60 vecior
places the Neurokine-s protein coding region including its associated stop codon
downstream from the IPTG-inducible promoter and in-frame with an initiating
AUG. The associated swop codon prevents wanslhation of the six histidine
codons downstrenrn of the insertion point
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The ligation mixwre is transformed into competent E. coli cells using
standard procedures such as those deseribed in Sambrook et al, Molecular
Cloning: a Lubgratery Manual, 2nd Ed; Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, NY (1989). £. coli strain M15/rep4, containing multiple
capies of the plasmid pREP4, which expresses the ac repressor and confers
kanamycin resistance ("Kanr), is used in carrying out the Blustrative example
described herein. This strain, which is only one of many that are suitable for
expressing Newrokine-s protein, is availsble commercially from QLAGEN, Ine.,
supra. Traosformants are ideatified by their ability to prow on LB plates in the
presence of ampiciliin and kanamyein. Plasmid DNA is isolated from resistamt
colonies and the identity of the cloped DNA confirmed by restriction analysis,
PCR and DNA sequencing.

One of ordinary skill in the an recognizes that any of a pumber of
bacterial expression vectors may be useful in place of pQES and pQESO in the
expression protocols presented in this example. For example, the novel pHE4
serfes of bacterial expression vectors, in particular, the pHE4-5 vector may be
used for bacterial expression in this example (ATCC Accession No. 20931%;
and variatons thereof). The plasmid DNA designated pHE4-S/MPIFD22 in
ATCC Deposit No. 209311 is vector plesmid DNA which contaips ag insert
which encodes another ORF. The construct was deposited with the American
Type Culture Coliection, 10801 University Boulevasd, Manassas, Virginia
20110-2209, on September 30, 1997, Using the Nde | and Asp 718 restriction
siles fanking the irelevant MPIF ORF inset, ooe of ordinary skill in the an
could easily use current molesular biological techniques 1o replace the irelevast
ORF in the pHE4-5 vector withs the Neutrokine-a ORF of the present invention.

The pHEA-5 bacterdal expression vector includes a neomycin
phosphotrensferase gene for selection, an £ colf origin of replication, a TS
phage promoter sequence, [wo far operator sequemces, a Shine-Delgamo
sequence, and the lactose operon repmssor gene (laclg). These elerpents are
arranged such that an insened DNA fragment encoding a polypeptide expresses
that polypeptide with the six His residues (ie., a "6 X His tag™) covalently
linked to the amino terminus of that polypeptide. The promoter and aperator
sequences of the pHEA-5 vecior were made synthegeally, Synthetic production
of pucleic acid sequences is well known in the art (CLONETECH 95/96 Catatop,
pages 215-216, CLONETECH, 1020 East Meadow Circle, Pzio Allo, CA
94303).
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Clones contzining the desired Newtrokine-a copstructs are grown
overmight ("O/N™) in liquid cuiture in LB media supplemented with both
ampicillin (100 pg/m!} and kanamycin (25 pgfml). The O/N culwure is used to
inoculate a farge culture, 2t a dilution of approximately 1:25 to 1:250. The cells
arc prown to an optical density al 600 nm ("OD600") of between 0.4 and 0.6.
isopropyk-b-D-thiogalactopyranoside ("IPTG") is then added to 2 final
concentration of 1 mM to indoce wanscription from the lac repressor sensitive
promoter, by inactivating the Jacl repressor. Cells subsequently am incubated
further for 3 to 4 howss. Cells then are harvesied by centrifugation.

The cells are then stirmed for 3-4 bours at 4° Cin 6M guanidine-HC, pH
8. The cell debris is removed by centrifugation, and the supematant contsining
the Neuyokine a is dialyzed ageinst 50 mM Nooceme buffer pH 6,
supplemented with 200 mM NaCl.  Allematively, the protein can be
successfully refolded by dialyzing it against 500 wM NaCl, 20% glycerol, 5
mM Tri’HCl pH 7.4, contnining prolease inhibitors. Afier renaturation the
protein can be purified by jon exchange, bydrophobic interaction and size
exclusion chromatography. Aliernatively, an affinity chromatography step such
as an antibody colsmn can be used to obtais pere Neurokine-a protein. The
purified prowin is stored at 4°C or frazen o -80°C.

In certain embodiments, it is prefemed 10 generale expression CODSTUCES
as detailed in this Example 1o mutate one or mere of the thrze cystzine residues
in the Newtrokine-s polypeptide sequence. The cysieine residues in he
Neutrokipe- polypeptide sequente are Jocated al positions 147, 232, and 245 as
shown in SEQ ID NO:Z and at positions 213 and 226 of the Neuwokine-a
polypeptide sequence as shown in SEQ ID NOuS (there is no cysteine in the
Neutrokine-aSV polypeptide sequence which comesponds to Cys-147 in the
Neutrokine-s polypeptide sequence because amino acid residucs 143-160 of the
Nevtrokine-a polypeptide sequence are ool present I the Neutwrokipe-aSV
polypeptide sequence}.

Example 2: Cloning and Ezpressian of Neutrokine-a Protein in o
Baculvvirus Expression System

In this fllustrative example, the plasmid shutle vector pA2GP 15 used to
insert the cloned DNA encoding the extracellular domain of the protein, Jacking

its paturally associated intracelivlar and tanmnembrane sequences. into 3
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bazulovirs 1o express the exvaceliular domain of the Newrokine-a proiein,
using a baculovinus leader and standard methods as described in Summers e
al., A Manual of Methods for Baculovirus Vectors and Insect Cell Culiure
Procedures, Texas Agricoltural Expariments) Station Bulletin No. 1555 {1987).
This expression vecior comtains the strong polyhedrin pomoter of the
Autographa californica nuclear polyhedrosis virus (AcMNPV} followed by the
secretory signad peptide (feader) of the baculovirus gps7 protzin and convenient
vestriction sites such as Bam HE, Xba 1 and Asp 718, The polyadenylation site
of the simian virus 40 ("SV40") is used for eficient polyadenylation. For easy
seleclion of recombinant virus, the plasmid contains the beta-galaciosidase pene
from E coli voder convol of & weak Drosophila promoler in the same
orientation, fllowed by the polyadenylation signal of the polyhadrin gene. The
inserted genes are flanked on both sides by viral sequences for cell-mediated
homalogous recombination with witd-typs viral DNA to generate viable virus
that expresses the cloned polynucleoiide,

Many other baculovirus vectors could be used in place of the vector
above, such o5 pAc373, pVLI4! and pAcIMI, as one skilled in the an would
rezdily appreciate, as long 28 the construct provides appropriately locaied
signals for transcripion, translation, secretion and the like, incloding a signal
peptide and an in-frame AUG as required.  Such veclors are described, for
instance, in Luckow et al, Viralogy 170:31-39 (1989).

The cDNA sequence encoding an N-terminally defeted form of the
extracellular domain of the Nevroline-a protein in the deposited clone, lacking
e AUG initiation codon, the nawrally associated intracelindar and
vansmembrane domain sequences, and amino adds Glo-73 through Leu-79
shown in Figures 1A and 1B (SEQ ID NO:2), i amplified wsing PCR
oligonucleotide primers corresponding 1o the §' and 3 sequences of the gene.
The 5 primer has the sequence 5.GTG GGA TCC CCG GGC AGA GCT
GCA GGG C-3' (SEQ ID NO:14) comaining the undertined Bam HI restriction
enzyme site followed by 18 nucleotides of the sequence of the extracetiular

domain of the Newrokine-s proein shown in Figures 1A and 1B, beginning
with the indicated N-erminus of the extracellular domain of the protein. The 3°
primer has the sequence 5-GTG GGA TCC TTA TTA CAG CAG TIT CAA
TGC ACC-¥' (SEQ ID NO:15) containing the underlined Bam HI restriction
site followed by two stop codons and 18 nucleotides cornplementary to the 3°
coding sequence in Figures 1A and IB.
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In cenain other embodiments, constructs designed to express the entire
predicted extraceliular domain of the Neutrokine-a {i.e., amino acid residues
Gln-73 throogh Leu-285) arc preferred. One of skill in the art would be able 10
use the polynucleotide and polypeptide sequences provided as SEQ ID NO:
and SEQ ID NO:2, respectively, to design polynucleotide primers to generaie
such acloze,

In a futther preferred cimbodiment, a pA2GP expression constuct
encodes amino acid residuss Leu-112 through Leu-285 of the Neutokine-s
polypeptide scqncnd-. shown as SEQ ID NO:2.

The amplificd fragment is isolaed from a 1% agarose gel using a
commercially available kit {"Geneclean,” BIO 101 Inc., La Jolla, Caj. The
fragment then is digested with Bam HI and again is pusified on 2 1% agarase
gel, This fragment i designated herein F1.

The plasmid is digested with the resiiction eazymes Bam HI and
optionally, can be dephosphorylated using calf intestinal phosphatase, using
routine procedures known in the art. The DNA is then isofaled from a 1%
agarose gel using a commercially available kit ("Geneclean” BIO 101 Inc, La
Jolla, Ca). This vector DNA is designated hercin "V1".

Fragment F1 and the dephosphorylated plasmid V1 are ligated 1ogether
with T4 DNA ligase. E. coli HBIOI or other sujtable E. coff hosts such as
X1-1 Bloe (Statagene Cloning Systems, La Jolla, CA) cclls ar transformed
with the Tigation mixwre and spread on culwre plalzs. Bucleria are identified
{hat contain the plasmid with the human Neurokine-s gene by digesting DNA
from individual colonies using Bam HI and then analyzing the digestion pr(;di:c!
by gel electrophoresis. The sequence of the cloned fragment is confirmed by
DNA sequencing. This plasmid is designated berein pA2GP-Neotroking-a.

Five ug of the plasmid pA2GP-Neutrokine-a is co-transfected with 1.4
pg of a commercially available linearized baculovirus DNA ("BaculoGold™
baculovirus DNA", Pharmingen, San Diego, CA), using the lipofection method
destribed by Felgner ot al., Proc. Nail Acad. Sci. USA 84: 7413-7417 (1987).
One pg of BarwloGold™ virus DNA and 5 pg of e plesmid pA2GP
Neurokine- are mixed in a sterile well of a microtiter plate containing 50 ul of
serum-free Grace's medium (Life Technologies loc., Gaitbessburg, MD).
Afterwards, 19 Lipofectin plus 90 jl Grace's medium are added, mixed and
incubated for 15 minutes at room temperature.  Then the transfection mixture is
added drop-wise to 5f9 insect cells (ATCC CRL 1711) seeded in 2 35 mm
tissue culnire plate with 1 ml Grace's medium without serum.  The plae is then
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incubated for 5 hours at 27° C. The wansfection sojution is then removed from
the plare and T m! of Grace's insect medivm supplemented with 10% fesal calf
seruin is added. Cuitivation is then continued at 27° C for four days.

Afier four days the supematant is collecled and a plague assay is
performed, as described by Summers and Smith, supra. An agarose gel with
"Blue Gal" (Life Technologies Inc., Gaithersburg) is used to ellow easy
identification and isolation of gal-expressing clones, which produce blue-stained
plaques. (A detailed description of a "plague assay” of this type can also be
found in the wser's guide for inscet cell culture and bacvlovirology distributed
by Life Techeologies Inc., Gaithersburg, page $-10).  Afier approprate
incubation, blue stained plagues are picked with the tip of  micropipetor (c.g.,
Eppendorf). The agar containing the recombinast viruses is then resuspended
in a microcentrifuge tube containing 200 WU of Grace's medium and the
suspension containing the recombinant baculovirus is used 1o infect S cells
seeded in 35 mm dishes. Four days later the supernamants of thtse culore
dishes are harvested and then they are stomed at 4% C. The recombinant virus is
catied V-Nenrokine-a.

Ta verify the expression of the Neurokine-a pene SI9 cells are grown in
Grace's medium supplemeznied with 10% heat-inactivated FBS, The cells are
infected with the recombinant baculovirus V-Neurokine-a &t 2 multiplisity of
infection ("MOI") of about 2. If radiolabeled proteins are desired, & hours later
the medivm is removed and is reploced with SFO00 I medium minus
methionine and cysteine (available from Life Technologies Inc., Rockville,
MD). © After 42 hours, 5 iCi of *S-methiopine and 5 ‘].tCi ®8.cysteine
{available from Asncrsham) arc added, The cells are further incubated for 16
hours and then are harvested by cenmifugation. The proteins in the supernatant
as well as e intracelluler proteins are anatyzed by SDS-PAGE followed by
autoradiography (if radiolzbeled).

Microsequencing of the amino acid sequence of the amine wrminus of
purified protein may be nsed to determine the amino terminal sequence of the
extraccilalar domain of the protein and thus the cleavage point and lenpth of the
secretary signal peptide.

In a specific experimental example, recombinant Neuvtrokine-a was
purified from baculovirus infected S5 eell supermatants 25 follows. The inseet
celis were grown in EXCELAD] medivm {JRH Scientific) with 1% {v/v) feal
bovine serum. A1 52 hours post-infection, the harvesied supernatamt was
clarified by centrifugation at 18,000 x g followed by 0.45 m depth filration. A
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de-lipid filtration step might be also used to respove the lipid contaminants and
in farn 1o improvz initial capturing of the Newirokine-a protein.

The supesnatant was loaded onto a set of poros HS-50/HQ-50 in tandzm
mode. As allematives, Toyopearl QAE, Toyopeari Super Q (Tosobass), Q-
Sepharose (Pharmacia) and equivalent resins might be used. This siep is used
as a nepative purification step 10 remove strong enjon binding contaminants.
The HS/HQ fow through material was adjusted to pH 7.5 with 1 M Tris-HQ
pH 8, diluted with equal volume of 50 mM Tris-HCI pH 8, and loaded onto 2
poros P1-20 or P1-50 column. The PI colume was washed first with 4 column
volumes of 75 mM sodium chloride in 50 mM Trs-HC! al pH 7.5, then eluied
using 3 to 5 colums volumes of 2 stepwise gradient of 300 mM, 750 mM, 1500
mM sodium chioride in 50 mM Tis-HC pH 7.5, Neutrokine-a protein appears
as a 17 XD band on reduced SDS-PAGE and is present in the 0.75 M to 1.5M
Sodium chlcride fractions.

The PI fraction was futher purified through a Sephecry! S100 HR
{Pbarmacia) size exclusion column equilibrated with 0.15 M sodium chioride,
50 mM sodivm acetaiz at pH 6. The 5200 fractions were mixed with sodism
chioride 1o a final concentration of 3 M and Joadzd onto a Toyopearl Hexyl
650C (Tosohass) column. The Hexyl column was eluled with a linear gradient
from 3 M to 0.05 M sodium chloride in 50 mM Sodium acetate pH 6 in 5 1o 15
colummn volurmes. Tbe sodium chloride gradizot can also be seplaced by
ammoninm sulfate pradient of TM 100 M in 50 oM sodium acelate pH 6 in the
Hexyl chromatographic step. Fractions containing purified Neutrokine-a as
analyzed through SDS-PAGE were combined and dialyzed against 2 bulfer
containing 150 mM Sodium chloride, 50 mM Sodium acetate, pH 6.

The final purified Neutrokine-a protein expressed in a baculovirus
system as explained hercin has ap N-torminus scquence which begins with
amino acid residue Ala-134 of SEQ ID NG:2. RP-HPLC analysis shows a
single peak of preater than 93% purty. Endotoxin level was below the
detection limit io LAL assay.

Example 3: Cloning and Expression of Neutrokine-a in Memmalion
Cells

A typical mammalian expression vector contains the prommoter element,
which mediates the initiation of transcription of mRNA, the protein coding
sequence, @nd sipnals required for the lormination of transcriplion and
polyadenylation of the transcript.  Additonal elements include enhancers,
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Kozak sequences apd inervening sequences flanked by donor and accaptor sites
for RNA splicing. Highly efficient transcription can be achieved with the early
and late promoters from 5V40, the long terminal repeats (LTRs) from
Revovijuses, e.g., RSV, HTLVI, HIVI and the early promoter of the
cylomegatovirus {CMV). However, cellular elements can also be used {e.g..
the kuman actin prometer). Suitable expression vertors for uss in practicing the
present invention include, for example, vectors such s pSVL and pMSCG
{(Pharmacia, Uppsale, Sweden), pRSVeat {ATCC 37152), pSV2dniT {ATCC
37146) and pBC12MI (ATCC 67103). Mammadian host cells that could be
used inciude, human Hela, 293, H9 and Jurkes celis, mouse NIH3T3 and
C127 ceBls, Cos 1, Cos 7 and CV1, quall QC1-3 cells, mouse L cells, Chinese
hamster ovary {CHO) celis, and HEK 293 cells.

Aliematively, the gene can be expressed in siable cell lines that contain
the gene integrated into a chromosome. The co-transfection with a selectable
marker such as dhfr, gpt, neomycin, hygromycin aliows the identification and
isolation of the transfected cells.

The translected gene can also be amplified to express large amounts of
the encoded prolein. The DHFR (dihydrofolate reductase) marker is useful to
develop cell lines that carry several hundred or even several thousand copies of
the gene of interest.  Another nseful selection marker is the enzyme ghiarmine
syothase {GS) (Murphy ¢t al., Biochemn J. 227:277-279 {1991}; Bebbington et
'a.E., Bio/Technology 10:169-175 (1992)). Using these markers, the mammalian
ccils ere grown in selective medium and the cells with the highest resistance are
selected.  These cell lines contain the emplified genc{s) integrated into a
chromosome. Chinese hamster ovary (CHO} and NSO cells are ofien used for
the production of proteins,

The expression vectors pC1 and pC4 contain the stong promoter (LTR)
of the Rous Sarcoma Virus (Cullen et 2., Molecular and Cellular Biology,
438-447 (March, 1985)) plus 2 fragment of the CMV-enhancer {Bosham et al.,
Cell 41:521-530 {1985)). Multiple cloning sites, e.p., with the restrictiop
enzyme cleavage sites Bom HI, Xbo T and Asp 718, fasililate the cloning of the
gene of interest.  The vectors costain in addition the 3' inwon, the
polyadenylation and termination signal of the rat prepminsolin gene.
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Example 3fa): Cloning and Expression in COS Cells

The expression plasmid, pNewrokine--HA, is made by cloning a
portion of the deposited cDNA enceding the extmeellular domain of the
Neurokine-a protein into the expression vector peDNAVAmp or pcDNAIR
{which can be obtained from Invirogen. Inc.). To produce a soluble, secreted
form of the polypeptide, the extracellular domain is fused 10 the secretory leader
sequence of the human IL-6 gene.

The expression vector pcDNATamp contains: (1) an E. eoli orhgie of
replication effective for propagation in £ cofi and other prokaryotic cells, {2) an
ammpiciliin resistance gane for selection of plasmid-containing prokaryotic cells;
{3) an SV40 origin of replication for propagation in eukaryotic cells; (4) a OV
promnoler, a polylinker, an SV40 invon, (5) several codons encoding a
hemaggintinin fregment (i.e., an “HA" tag to facilitate purification) followed by
2 lermination codon and pelyadenylation signal asranged so that 3 ¢DNA can be
conveniently placed under expression conuval of the OMV promoler and
operably Hinked to the SV40 intron and the polyadenylation signal by means of
restriction sites in the palylinker. The HA tag corresponds 1o as epilope derived
from the infloenza bemagplutinin protein described by Wilson et al., Cell 37:
767 (1984). The fusion of the HA tap to the target protein allows easy deteclion
and recovery of the recombinant prowin with an andbody that recognizes the
HA epitope. peDNAIN contains, in addition, the selectable neomycin marker.

A DNA fragment encoding the extrecellular domain of the Newrokine-a
polypeptide js cloned into the polylinker repion of the vector so that recorshinant
prowzin expression is directed by the CMV promoter. The plasmid construction
suategy is a5 follows. The Newrckine-a cDNA of the deposited clone is
amplified using primers thal contain convenien! resiriction sites, much as
described above for constection of vectors for expression of Neurokine-s in
E. coli. Builable primers include the following, which are used in this
example. The §' primer, containing the underiined Bam HI sie, a Kozak
sequence, an AUG start codon, a sequence encoding the seomtory leader
peptide from the human IL-6 gene, and 18 nucleotides of the 5 coding region
of the eatraceBular domain of Newrokine-2 protein, has the following sequence:
5-GCG GGA TCC GCC AQC ATG AACTCC TTC TCC ACA AGC GCC
TIC GGT CCAGTT GQCTTC TCC CTG GGG CTG CIC CTG GTG TIG
CCT GCT GCCTTC CCT GCC CCA GTT GTG AGA CAA GGG GAC CTG
GCC AGC-3 (SEQ 1D NO:16). The 3 primer, containing the underfined Bam
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HI restriction siie and 1B of nucleatides complementary 1o the 3' coding
sequence jramediately before the stop codon, has the following ssquence:
S-GTG GGA TCC TTA CAG CAG TTT CAA TGC ACC-Y {SEQ D
NO:17).

The PCR amplifisd DNA fragment and the vector, peDNAYAmp, are
digested with Bam HI and then ligated. The ligation mixture is transformed into
E. coli sirain SURE (available from Stratagene Cloning Sysiems, 11099 North
Tarrey Piges Road, La Jolla, CA 92037}, and the ransformed culture is plaed
on ampicillin media plates which then are incubated 1o aliow growth aof
wnpicillin resistant colonies. Plasmid DNA is isolated from resisiant colonies
and examined by restriction analysis or other means for the presence of the
fragsment epcoding the Neutrokine-a extracelinlar domain.

For expression of recombinant Neurokine-a, COS cells are transfected
with an expression vector, as described above, using DEAE-DEXTRAN, as
described, for instance, in Sambrook o al., Molecular Cloning: @ Laboratory
Manuol, Cold Spring laboratory Press, Cold Sprng Harbor, New York
{1989). Cells arc incubated voder conditions for expression of Neurokine-a by
the vector.

Expression of the Newrokine-a.HA fusion proizin is delestsd by
radiolabeling and immunoprecipitation, using methods described in, Jor
example Harlow et al., Anribodies: A Laboratory Monual, 2nd Ed.; Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, New York (1988). To this end,
two days after transfection, the cells are labeled by incubation in media
containing “S-cysteine for 8 hours. The celis and the media are collected, and’
the cells are washed and the lysed with detergent-containing RIPA buffer: 150
mM NaCl, 1% NP-40, 0.1% SDS, 1% NP-40, 4.5% DOC, 50 mM TRIS, pH
1.5, as deseribed by Wilson et al. cited above. Proteins are precipitated from
the cell lysale and from the culture media using an HA-specific monoclonal
antibody. The precipitated proteins then are analyzed by SDS-PAGE and
asteradiography. An expression product of the expectad size is seen in the ccll
lysate, which is not seen in negative controls.

Example 3{b): Cloning and Expression in CHO Cells

The vector pC4 is used for the expression of Neurokine-a protein.
Plasmid pC4 is a derivative of the plasmid pSV2-dhft (ATCC Accession No.
37146). To produce a soluble, scereted form of the Newrokine-s polypeptide,
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the portion of the deposited cDNA encoding the extraceliular domain is fused 1o
the secretory leader sequence of the human IL-6 gene. The veeor piasmid
contains the mouse DHFR gene under conrol of the SVAQ eatdy promoter.
Chinese hamster ovary- or other cells lacking dihydrofolale activity thal are
transfecied with (hese plasmids can be selected by growing the cells in a
selective medivm {alpha minus MEM, Lile Technologies) supplemented wiib
the chematherapeutic agent methowexate. The amplification of the DHFR genes
in cells resistant to methotrexate {MTX) bas been well documented (see, €.g.,
AlL B W., Kellems, R. M., Bentino, 1. R, and Schimke, R. T., 1978, J.
Biol Chem. 253:1357-1370, Hamiin, J. L. and Ma, €. 1990, Biochem. e
Biophys. Acta, 1097:107-143, Page, M. J. and Sydesham, M. A. 1991,
Bivtechnology 9:64-68). Cells grown in increasing copcenirations of MTX
develop resistance 10 the drug by overproducing the target enzyme, DHFR, 2s 2
result of amplification of the DHFR geane. If a second gens is linked to the
DHFR gene, it is usually co-amplified znd over-expressed. It is known in the
art that this approach may be used to develop cell lines carrying more than 1,000
copies of the amplified gene(s). Subsequently, when the methotrexae is
withdrawn, cell Jines are obtained which contain tbe amplified gene intcgrated
ialp one or more chromoseme(s) of the host cell,

Plasrid pC4 contnins for expressing e gene of imerest the strong
promoter of the long terminal repeat (LTR) of the Rouse Sarcoma  Virus
(Cullen, et al., Molecular and Cellular Biology, March 1985:438-447) plus a
fragmen! isolaled from the enhancer of the imuozdiate carly gene of huwman
cytomegalovirus {CMV) (Bashan el al., Cell 41:521-530 (1985)). Downsieam
of the promoter are the following single restriction enzyms cleavege sites that
allow the integration of the gencs: BamHI, Xba 1, and Asp718. Behind these
cloning sites the plasmid contains the 3” inwon and  polyadenyiation site of the
rat preproinsulin gene, Other high efficiency promolers can also be used for the
expression, e.g., the human 8-actin promoler, the SV40 carly or late promoters
or the long terminal repeats from other retroviruses, e.g., HIV and HTLVL
Clontech's Tel-Off and Tet-On  geoe expression systems and similar systerns
can be nsed to express the Neurokine-a in 2 regulated way in mammalian cells
(Gossen, M., & Bujard, H. 1992, Proc. Natl Acad. Sci Uusa 8%
5547.5551). For the polyadenylation of the mRNA other signals, e.g., from
the human growth hormone o globin genes can be used as well. Stable c=ll
Yines camrying = gene of interest inteprated ino the chromosomes can also be
selected upon co-ransfection with a selectable marker such as gpt, G418 or
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hygromycis. It is advantageous 1o use more than one selectable marker in the
beginning, e.g., G418 plus methotrexate,

The plasmid p(Cd s digested with the restriction enzymes Bam HI and
then dephosphorylaied using calf intestnal phospbates by procedures knowsn in
the art. The vector is then isolaled from a 1% agarose pel.

The DNA sequence encoding the exracelular domain of the
Neutrokine-s protein is amplified using PCR oligonucleotide primess
comrespanding 1o the 5 and 3' sequeness of the gane. The 5' primer, contzining
the underlined Bam HI site, a Kozak sequence, an AUG start codon, a sequence
encoding the secretory leader peptide from the human IL-6 gene, and 18
nucleotides of the 3' coding region of the extrmceilular domain of Neurokine-a
protein, hes the following sequence: 5-GCG GGA TCC GCC ACC ATG AAC
TCCTTCTCC ACA AGC GCC TTC GGT CCA GTT GCC TTC TCC CTG
GGG CTG CTC CTG GTG TTG CCT GCT GCC TTC CCT GCC CCA GTT
GTG AGA CAA GGG GAC CTG GCC AGC-3 {SEQ ID NO:16). The 3°
primer, containing the underined Bam HY and 18 of nucleotides complementary
to the 3' eoding sequence immediately before the stop codon, has the following
seguence: 5-GTG GGA TOC TTA CAG CAG TTT CAA TGC ACC-3' (SEQ
ID NO:LT)L

The amplified fragment is digesied with the endonuclease Bam HI and
then purified again on 2 1% agarose gel. The isolaied fragment and the
dephosphorylated vector zre (hen ligated with T4 DNA ligase. E. coli HB10]
or XL-1 Bloe cells arc then wansformed and bacteria are identified that contain
the fragment inserted into plasmid pC4 using, for instance, restriction enzyme
analysis.

Chinese hamster ovary cells facking an 2cve DHFR gene are used for
transfection. Five ug of the expression plasmid pC4 is cotransfecizd with 0.5
kg of the plesmid pSVneo using lipofectin (Felgner et al., suprn). The plasmid
pSV2-nco comtains a dominant selectable marker, the neo genc from Ta$
encoding an enzyme that confers resistanes 1o 2 group of amibiotics jncluding
G418. The cells are seeded in alpha minus MEM supplemenied with 1 mp/ml
GA418. Adter 2 days, the cells are trypsinized and seeded in hybridoma cloning
plates (Greiner, Germany) in alpha minos MEM supplemented with 10, 25, or
30 ng/ml of metothrexate plus 1 mg/ml G418, Afier abont 10-14 days single
clones are trypsinized and then seeded in 6-well petri dishes or 10 m! flasks
using different concentrations of methowexete (50 nM, 100 nM, 200 oM, 400
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aM, 800 uhf). Ciones growing at the highest concentrations of methotrexale are
then Uansferred to new 6-well plates containing even higher concentrations of
methotrexatz (1 M, 2 M, 5 M, 10 pM, 20 pM). The same procedure is
repeated until clones are obtained which grow at a concentration of 100-200
M. Expression of the desired gene product is amalyzed, for instance, by
SDS-PAGE and Westem bloy or by reversed phase HPLC analysis.

Al Jeast six Newtrokine-a expression constructs have beeo generated by
the inventors horcin lo facilitate the production of Newtrokine-s andfor
Neutrokine-aSV polypeptides of several sizes and in several systems. The
expression constructs zre as folfows: (1) pNa.A7t-L285 (expresses amino acid
residuzs Ala-71 through Leu-285), (2) pNa.AB1-L283 (expresses amino acid
residues Ala-81 through Leu-285), {3) pNa.L112-L285 (expresses amino acid
residues Leu-112 through Lew-285), {4) pNa.A134-L2B5 (expresses amino
arid residues Ala-134 through Leu-285), (5) pNa.L147-1285 {expresses amine
acid residues Leu-147 through Len-285), and (6) pNa.G161-L285 (expresses
amino acid residues Gly-161 through Len-285).

' In preferred embodiments, the expression consiructs arc used (0 express
various Neutrokine-a muteins from bacterial, baculoviral, 2nd mammalian
SYstems.

In cestain additiona) prefemred embodiments, the constructs express a
Neutrokipe-» polypeptide fragment fused ot the N- and/or C-terminus to a2
hewralogous polypeptide, e.5., the signal peptide from human IL-6, the signal
peptide from CK-b8 {amino scids -21 to -1 of the CK-b8 sequence disclosed in
published PCT application PCT/US95/09058), or the human IgG Fc region.
Other sequences could be used which are known 1o those of skill in the an.

Example 4: Tissue distribution of Neutrokine-s mRNA expression

Northern blet analysis is camied out to examine Neutrokine-a gene
expression in bursan tisswes, using methods described by, amosg others,
Sambrook ef al., cited above, A ¢DMA probe containing the entire nucleolide
sequence of the Neutrokine-s protzin (SEQ ID NO:1) is labeled with P using
the rediprime™ DNA Jabeling system (Amersham Life Science}, according lo
manufaciurer’s mstructions, After labeling, the probe is purified using a
CHROMA. SPIN-100™ column (Clomech Laborataries, Inc.), according lo
mapufacturer's protocol number PT1200-1. The purified labeled probe is {hen
used to cxamine varjous human dssues for Neutrokine-s and/or Neotrokine-s
mRNA.
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Muliiple Tissve Northem (MTN) blots containing vadous human tissues
(H) or human immune system tissues (M) are obtained from Clontech and are
examined with the labeled probe using ExpressHyb™ hybridization solution
(Clontech} according to manufacturer’s protocol rusmber PT1190-1, Fellowing
hybridization and washing, the blots are mownted and exposed (o film a -70° C
overnight, and films developed according to standard procedurs.

To detenmine the pattern of Neutrokine-z and/or Neutrokine-s expression
3 panel of multiple tssue Northern blots were probed. This revealed
predominant expression of single 2.6 kb mRNA in peripheral blood leukocytes,
spleen, fymph ode and bone mamow, and deteciable expression in placenta,
heart, long, fetal Yiver, thymus and pancreas. Analysis of a panel of cali lines
demonstraled high expression of Nentrokine-a and/or Newtroking-a in HLED
cells, detectable expression in K562, but no expression in Raji, Hel.a, or
MOLT4 cells, Orverall it appears that Neutrokine-a andfor Nevtrokine-a mENA
expression js eqriched in the immune system.

Example 5: Gene Therapy Using Endogenons Neutrokine-s Gene

Another method of gene therapy according 1o the presemt invention
ivolves operably associating the endogenous Neutroking-s sequence with a
promoter viz homologous recombination as described, for example, in U.S.
Pateat No. 5,641,670, issued fupe 24, 1997 Intemationa) Publication Na.
WO 96729411, published September 26, 1996; Intemational Publication No.
W 94/12650, published Augnst 4, 1994; Koller ct al,, Proc. Natl. Acad, Sci,
USA B6:8932-B935 (1989); and Zijlsra et al., Nawre 342:415-438 (1589).
This methed involves the activation of a gene which is present in the tarpet cells,
but which is nol expressed in the cells, or is expressed ot 3 Jower level than
desired.  Polynucleotide constructs are made which contain a promoter and
targeting sequences, which are homologous to the 3 nog-coding sequence of
endogenous Neutrokine-a, flanking the promoter. The targeting sequence will
be sufficiently near the 5 end of Neutrokine-z so the promoter will be operably
linked 1o the endogenous sequance wpon bomelogous recombination. The
promater 2pd the largeting sequences can be amplified using PCR.
Preferably,the amplified promoter containg distinet restriction enzyme siles on
te 5 and 3’ ends. Prefersbly, the 3' end of the first targeting sequence
contains the same resiriction enzyme site as the 5 end of the amplified promoter
and the 5" end of the second targeting sequence contains the same resiriction site
2s the 3’ end of the arnplified promaorzr,
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The amplified promoter and the amplified targeting scguences are
digested with the approprate restiction sazymes and subsequeatly weated with
calf imestival phosphatase. The digesied promoter and digested rargeting
sequences are added together in the presence of T4 DNA ligase. The resulting
mixture is mainwined under conditioas appropriate for Jigation of the two
fragments. The construct is size fractionaled vn an agarose gel then purified by
phenel exwaction and ethanol precipitation,

In this Example, the polynucleotidz constructs are administered as naked
palynucleotides via cleciroporation.  However, the. polyrucleotide constructs
may also be administered with tensfeclion-facilitating agents, such as
Lposomes, viral sequences, viral particles, precipitaling agents, ete.  Such
methods of delivery are known in the art.

Once the cells are transfecicd, homologous recombination will take place

" which results ip the promoter being opembly linked to the endogenous

Neutrokine-s sequence. This resulis iz the expression of Nevtrokine-a in the
cell. Expression may be detecied by immunological staising, or any other
method koown in the an.

Fibroblasts are obiined from a subject by skin biopsy. The resulting
tissue is placed in DMEM + 10% fewal calf serum. Exponentially growing ot
early swationary phase fibroblasts are rypsinized and rinsed from the plastic
surface with nutrient medium. An aliquot of the cell suspeasion is removed for
counting, and the remaining cells are subjected 1o ceomifugation. The
supergatant is aspirated and the pelist is resuspended in 5 ml of efectroporation
buffer (20 mM HEPES pH 7.3, 137 mM NaCl, 5 mM KCl, 0.7 mM Na2
HPO4, 6 mM dextrose). The cells are recentrifuged, the supernatant aspirated,
and the cclls resuspended in clectroporation buffer containing | mp/ml
acetylated bovine serum albumin,  The fnal ozl suspension contains
approximately 3X3i06 cellsml. Electropuration should be performed
immediately following resuspension.

Piasmid DNA is prepared sccording 1o Standard techmiques.  For
exarople, to construct & plasmid for targeting to the Nevtrokine-a Jocns, plasmid
pUCIS (MBI Fermentas, Ambersl, NY) is digested with HindIll. The CMV
promoter is amplified by PCR with an Xbal site on the 5 end apd 2 BamHI site
on the Yepd. Two Newtrokine-z nop-coding sequences are amplified via PCR:
one Newtrokine-a non-coding sequence (Neutrokine-a fragment 1) is amplified
with a HindTil site 2t the 5' end and an Xba site at the 3'end; the other
Newtrokine-2 non-coding sequence (Neutrokine-a fragment 2) is amplified with
a BamHI stz at the S'end and a HindIl site at the 3'end. The CMV promoter
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and Neutrokine-s fragments are digested with the appropriate enzymes (CMV
promoter - Xbal and BamHl; Neutroking-u fragment | - Xbal; Neutrokine-a
fragment 2 - BammHJ) and ligated together.  The resufting fipation prodoct is
digested with HindIl, and ligared with the Hindli}-digesied pUC18 plasmid.

Plasmid DNA is added 1o 2 sterile cuvetie with a 0.4 cm electrode gap
{Bic- Rad). The final DMA concentration Is genemaily m least 120 pe/ml, 0.5 ml
of th= eell suspension {containing approximately 1.5.X106 celis) is then added
1o the cuvette, and the cell suspension and DNA solutions are gently raixed.
Elecuoporation is pesformed with 2 Gene-Pulser apparams (Bio-Rad),
Caparitance and voltage are set at 960 UF and 250-300 V, respectively.  As
voltape increases, cell survival decreases, but the percentage of surviviag calls
that stably incorporate thz inroduced DNA into their genome  increases
dramatically. Given these parameters, a pulse time of approximately 4-20
mSec should be abserved.

Flecuoporated  cells are maimtained af room  temperamre  for
approximately 5 min, and the coptents of the cuvetts are then genlly removed
with a sterile transfer pipette. The cells are added directly o 10 mi of
prewarroed nutnient media (DMEM with 15% calf serum) in a 10 cm dish and
incubated at 37°C. The following day, the media is aspirated and replaced with
10 ml of fresh media and incubated for a fusther 16-24 hours,

The engineered fibroblasts are then injected imo the host, either alone or
after having been grown to confluence on cylodex 3 microcamder beads. The
fibroblasts pow produce the protein product. The fibroblasts can then be
introduced into = patient as described ahove.

Example §: Neutrokine-a, a Novel haman Tumor Necrosis Factor
Homologue that Indaces B Cell Proliferation and Differentiation

Background

Generation of z functional humera! immune fesposes requires both
soluble and cognate sigmaling  between B-lineage cells and  their
micioenvironment.  Signals may impat a positive stimulus that allows a
B-lineage c=ll to continue its programmed development, or a negative stimulos
that instructs the cell o amest its cument developmental pathway. To date,
numesous stimulaiory and inhibitory signals bave been found 1o influence B eell
respansiveness including -2, IL-4, ILS, IL6, IL-7, [L10, [L-13, B.14 and
IL15, Interestingly, these signals are by themselves weak effectors but can, in
combination  with varjous  co-stimulatory proteips, ipduce  activation,
proliferation, differentiation, homing, tolerance and death among B cell
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populations. One of the best stdied classes of B cell co-stimulatory proteins is
the TNF-supesfamily. Within this family CD40, CD27, and CD30 alopg with
their repective ligands CD154, CD70, and CD'153 have been found to regulate &
variety of immune responses. Recenly, Human Genoms Sciences Inc. has
identified 2 novel member of the TNF-lignad family, Newtrokine-s, which is a
potent and specifis inducer of B lymphocyte activation, profiferstion and
differentiation. Newtrokine-a is produced by monocytic cell typss, and has is
effects on B ceils through 2 purative receptor expressed on B cells. Engagement
of the receplor in the presence of a co-stimulatory signal delivered through
mesmbrane bound T receptors results in the proliferaion and differntiation of
norma! human tonsilar B cells.

Results

As part of as ongoing genomics-based gene discovery program, ihe
Human Genome Sciences, Inc. EST database was searched for sequences
encoding characteristic TNF-like domains. Recently, a 285 amino acid prolein
was identified i a buman nevyophilderived cDNA library that shared
significant homology 10 APRIL. (28%), LTxt {20%), and TNFa (10%), {(Figure
7A). Like other members of the TNF-ligand family, &t is a type I
iransmembrane proleia containing 2 predicied N-terminal cytosolic domain of 46
residues, 2 transmembrane region of 22 residues, and a 212 residue extracellular
domain. Expression of this ¢cDNA in mammalian cells (poth HEK 203 and
Chinese Hamster Ovary) identified a 152 amino 2cid soluble form with an N-
!cnnina.l'scqucm:c beginning with the alanine residue at amine acid 134 (amrow
in Figures 7A and 7B). Reconstruction of the mass lo charge ratio defined 2
mass for Neutrokine-a of 17,038 Dallons, 2 value in compete agreement with
tha! predicted for this 152 amino acid prolein with a single disulfide bond
{17037.5 Daltons).

The expression profiles of Newtrokinz-a mRNA were assessed by
Northern blot (Figure 7B) and flow cytomeuic analyses (Table TH and Figuics
8A and 8B), Neutrokine-a is encoded by a single 2.6kb mRNA, found at high
levels in peripheral biood leokocyies, spleen, Jymph node and bone marrow.
Lower expression levels were detectable in placenta, beart, lung, fetal liver,
thymus and pancreas. Among a panel of celf lines, Neutroking-o mRNA was
datected in HL6D and K562, but not in Raji, Hela, or MOLTH cells. These
esults were confinned by flow cytometric analyses using the Neowrokine-a-
specific mAD 12D6A.  As shown in Tzble 111, Neutrokine-a cxpression is not
detected on T or B Jineage cells but rather restricted 1o cells within the myeloid




P

it20

25

30

35

-151-

lineage.  Representative staining profiles of the tumor lines K562, HL-6D,
U937 and THP-1 cells with 12E6 are shown in Figure 8A. Further analyses of
normal blood cell types demonstrated significant expression on 1esting
monscyles that was upregulated approximately 4-fold following exposure of

cells o IFNy (100UfmL) for three days (Figure 8B). Neutrokine-z was not

expressed on freshly isolated nevtrophils, T cells, B cells, and NK.

To generate Neutrokine-a recombinant proiein, Neutrokine-s encoding
amino acids 112-285 were fused 10 2 helerclogous signal peptide and subeloned
into & baculovirus expression vector. Recombinam Neutrokine-a was purified
from 10 liters of recombinant baculovires infected SID celf supernatants af 92 h
post-infection.  The insect cells were grown in EXCELA0] medium {JRH
Scientific) with 1% (v/v} fetal bovine serum. The harvested supemnatant was
clarified by centrifugation at 18,000 x g followed by 0.45 pm depth filtration.

The supernatant wes loaded onte s set of porose HS-50/HQ-50 in
tandem mode. The HS/HQ How through material was adjusted to pH 7.5 with
1 M Tris-HCl pH 8, diluted with equal volume of 50 mM Tris-HC pH 8, and
loaded onte a poros P1-2C column., The PT column was washed first with 4
column volumes of 75 mM NaCl in 50 mM Tris-HCE at pH 7.5, thes eluied
using 3 1o 5 column volumes of 2 stepwise gradient of 300 mM, 750 mM, 1500
mM sodium chloride in 50 mM Tris-HC pH 7.5, Neutrokine-a protein appears
25 2 17 KD band on reduced SDS-PAGE and is present in the 0.3 Mto 1.5M
NaC(] fractions,

The PI fraction was further purified through a Sephacryl 5100 HR size
exclusion column equilibrated with 0.15 M NaCl, 50 M NaOAc at pH.6. The
8200 fractions were mixed with NaCl to a final concentration of 3 M and loadzd
onto a Toyopearl Hexyl 650C column., The Hexyl column was eluted with a
tinear gradient from 3 M 10 0.05 M NzClin 50 mM NaOAc pHE in 15 column
volumes, Fractions containing purificd Neutrokine-a as analyzed through SDS-
PAGE wese combined and dialyzed against a buffer cortaining 150 mM NaCl,
50 mM NaDAc.

The final purified Neutrokine-n protein has an N-termines sequeace of
AVQGP (beginning with amino acid residus Ala-134 of SEQ ID NO:2). This
corresponds identically to the sequence of soluble Neutrokine-: derived from
CHO cells lines stably transfected with the full Jength Neatrokine-a gene. RP-
HPLC analysis shows a single peak of preater than 95% purity. Endotoxin
Jevel was below the detection Himit in LAL assay.

Purified tNesutrokine-a was assessed for its ebility to induce activation,
profiferation, differentiation or death in numerous cell based assays involving B
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cells, T cells, monocytes, NK cells, hesmatopoietic progenitors, 2nd a variety of
cell types of endothelial and epithelidl origin. Among these assays. Neutrokine-
a was uniquely found to increase B cell proliferation in a standard co-stimulatory
assay in which porified tonsillar B cells are cultured in the presence of either
formalin-fixed Staphylococcus aurens Cowan 1 (SAC) or immobilized any-
human IgM as priming agents. As shown in Figure 9A, recombinant
Newwokine-a purified from baculovinss cultures induces a dose-dependent
profiferation of tonsillar B celis.  This response is qualitatively ke that of
thull2 over the dose range from 0.1 to 10,000 ng/ml. Neotrokine-a also
indoces B cell proliferation when cultured with cells co-stimulated with
immobilized and-IgM (Figure 9B). A dose-dependent response is readily
observed as the amount of crosslinking agent increases in the presence of a
fixed concentration of either TL2 or iNeutrokine-2. As with SAC, the magnitude
of the rNeutrokine-a response is approximately halfl that of IL2 at any given
concentration.

Ta funber define the smocteral and funclonal characeristes of
Neutrukine-a, amino-truncated forms of the protein were generated. A total of 6
truncated proleins encoding vanous periions of the extracellutar domain were
ransiently expressed in CHO cells with the resuliing supernatants screened for
biological activity in the standard B cefl co-stimulatory SAC assay. As shown
in Figure 10, the soluble forms of Neutrokine-a beginning a1 residue Ala-71,
Ala-81, Leu-112, and Ala-134 {of SEQ ID NO:2) were equally active, Tn
conast, the aclivity associated with mutants beginning at Lew- 147 and Gly-161
{of SEQ ID NO:2) were no different than thar of supernatants obtained from
cells wansfected with the vector control (p(4).  Taken together, 3t appears that
the predicied beta-pleated sheet formed by amino acid residuss 144-151 of SEQ
ID NO:2 (see Figures 7A and 7B} is eritical for effective B cell signaling.

The ability of Neutrokine-a to uniquely activate normal B el
populations predicts the existence of a specific cell surface recepton(s). In an
attempt to assess Neotrokine-a recepiar distibution and potentially define novel
cellular  targets, purified mNestrokine-a  was  biotinylared  using 2
N-hydroxysuccinimidcbiotin reagent and associated protocols provided by the
manufacturer (Pierce, Rockford, IL). The resultant biotin-Neutrokine-s protein
retained function as il was equally effective @t stimulating B cell proliferation
when compared to unlobelled rNeutrokine-a.  Direct binding of biotin-
Newtokine-a was assessed by Flow cyometdc means using a swepavidin-
phycoerythrin conjugate. Analyses indicate that the cellular receplor(s) for
Neutrokine-a are expressed on normal and peoplastic cells of the B lineage
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(Figure 11). Biotinylated Nemtrokine-s bound freshly iselated tonsillar B cells
in a dosc dependent manper with saturating levels ammined al approximately
10ng af Jabslied protein per 10° cells.  Receptor expression was also detected
on the myeloma cell line B2 but the level of binding was significantly less at o}
concentrations tested raising the possibility of fewer receptors per cell, the
preseace of lower affinity receptor(s) or aovel receplon(s). Lin=age-specific
analysss of whole human peripheral blood cells indicates that bindisg of
biotinylated Neutrokine-s was undetectable on T cells, NK cells, monocytes and
granulocytes as assessed by CD3, CDS6, CD14, and CD66b respectively, In
contrast, biotnylated Neutrokine-» bound B cells as defined by CD20 surface
expression.  Taker 1ogether, these assay (echnique suggest that Nevtrokine-a
dispays a clear B cell tropism in both its receptor disufbution and biological
activity. It remains possible however, that activation of these or other cell
populations rmay induce expression of Neutrokine-z receptors that are not
present on freshiy isolated whole hlood cells or established neoplastic cell lines.

In parailel experiments it was determined that Neutrokine-a efficiemly
stimubated proliferation of mouse splenic B cclis bot not immature, Ig” B ccll
precursors isolated from mouse bone marrow, These observatons afforded the
oppotunity to test the in wye activity of rNeutrokine-a in a responsive species.
Accordingly, BALB/c mice (3/group) were injected (i.p) twice per day with
buiter only, or 2 mp/Kg of iNeutrokine-a. Mice recejved this treamment for 4
consecutive days ar which time they were sacrificed and varions tissues and
serum collerted for enalyses. The effects of Neutrokine-a administration was
evident histoligically in both HEE stainsd and CD45R(B220) stained sections
(Figure 12A). Comparison of H&E sections from normal and Nestrokine-a-
treated splesns identified diffuse peni-arierial lymphatic sheaths and a significant
increase in the nucleated celiulasity of the red pulp regions (Figure 12A).
Immunohistochemical stadies wsing a B cell marker, anti-CD4SR(B220)
suggest that the splenic disorganization observed in Nevtrokine-a treated smice
was due lo increased B cell representation within loosely defined B cell zones
that infiltrated established T czll regions. Further experiments will be required
to define the mechanism by which Neutrokine-a alter spenic architecture.

Flow cytometric analyses of the spleens from Meutrokine-s treated rice
indicate that Neutrokine-a specifically increased the proportion of ThB+,
CD45R(B220)dull B cells over that observed in control mice (Figure [1), The
increase was greater than 10-{old in mice.

A predicted consequence of increased mature B cell representation in
viup is a relative increase in serum Ig titers.  Accordingly, serum IgM and IgA
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levels were comppared between buffer and Newrokine-streated mice.
Neutrokjne-a adminisration resulted in a 2 1o 5-fold increase in both IgM and
IgA serum levels.

Discussion

The data presented hereln describes Nevwrokine-a, a zovel member of the
TNF-ligand superfamily that specifically induces both in vivo and n vitro B cell
preliferation and differentiation. The biological profile of Neutrkine-a is
unique based on its restricied gens/protein expression and its apparent B cell
tropism. The potential vses of such a factor, its receptor(s) or functionally
related agonists and antagonists of either are diverse. These agents may find
application as diagnostic and/or therapeutic agent in virmally any aspect of the
normal and discased irmune system.

Finally, the chromosornal jocation of Neotrokine-z was determined
using a combination of somatic cell hybrids and radiatien hybods
chrotosome position 13q34. This is the first member of the TNF cytokine
superfamily 10 map 1o this region, Knowing the genomic locaton of
Nevookine-z and its biojogical profile allows one to comelate specific iaherted
disorders with polential alterations in Neutrokine-s, its associated recepior(s)
and/or related signalling pathways.

The assays and experiments described above clearly provide the
scientific sational for the use of Mewtrokisea a5 a repulater of B cell
proliferation and differentiation. The possible uses of the either soluble of
membrane bound Neutrokine-a, ils ative receplor and various receptor
anagonists are diverse and include treatement of autoimmune disorders and
immunedeficiencies resulting from infection, anti-neoplastic therapy andfor
inherited disorders. Moreover, many of the pre-neoplastic monocional
gammopathies and neoplastic B cell diseases such as multiple myeloma may
utilize Neutrokine-x or its receplor as either inducing or propressing factors.

Accordingly, Neutrokines or derived, functional agonists may find
appliaton as the following:

A vaccine adjuvant that enhances immune responsiveness to specific
antigen.

An adjuvan! to enhance tumor-specific immune responses.

An adjuvant to cnhance anti-viral immene responses.

As a stimulntor of B ceil responsiveness to pathogens.

As an agent that elevates the immune status of a individual prior 1o their
receipt of immunosuppressive therapies.
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AS an agent ta accelerate recovery of immunocompromised individuals;

As an agent 1o boost immunaresponsiveness among aged poputations;
Asan immune system enbancer following bone marrow transplant.

As 2 mediator of mucosal immune responses.  The expression of
Nemrokine-a by monocytes and the responsiveness of B cell to this facior
suggests thal it may b involved in exchange of signals between B cefls and
monocytes or their differentiated progeny. This actvity is in many ways
analogous 1o the CD40-CDIS4 sipoalling between B cells and T cells.
Nevwoking-a may therefore be an importam regulator of T eell independemt
immupe responses to  environmental pathogens.  In particolar, the
unconventional B cell populations (CD5+) that are asseciated with mucosal sites
and responsible for much of the imae immunity in humans may respond 1o
Nevtrokine-a thereby enhancing an individual's protective immane status,

As an agent to dircct an individuals jmmune sysiem towards
development of a humoral response (i.e. TH2) a5 opposed 1o 2 THI cellular
response.

As & means 1o induce tumor proliferation and thus make it more
susceptible to anti-peoplastc agents. For example multiple myeloma is a slowly
dividing disease and is thus refractory to virtaally i anii-neoplastic regimens.
H these cells were forced 10 profiferale more rapidiy their susceptibility profile
would likely change,”

As B cell specific binding protein to which specific activators or
inhibitors of cell growth may be amached. The result would be to focus the
activity of such activalors or inhibitors onto notal, diseased, or neoplasiic B
cel! populations.

As a mesns of detecting B-lintape cells by virtue of its specificity. This
application may require labeling the protein with biotin o other agents 1o afford
2 means of detaction.

As a simulator of B cell production in pathologies such as AIDS,
chronic lymphocyie disorder and/or Common Variable Immunodificiency;

As part of 2 B cell selection device the function of which is to fsolae B
cells from a heterogenous mixtuse of coll types, Neatrokine-a could be coupled
to a solid support to which B celis would then specifically bind. Unbound cells
would be washad out and the hound celis subsequently eluted.  This technigue
would allow purging of twor celis from, for example, bope marrow or
peripberal blood prios to transplant

As 2 therapy for generation and/or regencration of tymphoid tissues
following surgery, trauma or genetic defect.
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As a gene-based therapy for penetically inherited disorders resulting in
immuno-incompetence such as observed among SCID patients.

As an antigen for the generation of antbodies lo inhibit or enhance
Neutrokine-s mediated responses.

As a means of aclivating monocytes/macrophsges to defend against
parasitic diseases that effect monocyies such as Leshmania,

As pretresiment of bope marrow samples prior to tapspiant.  Such
treament would increase B cell representaiion and thus accelerale recover.

As a means of regulating secreted cytoldnes that are eliciied by
Neutrokine-a.

Al of the above described applications as they may apply to veterinary
medicine.

Antagonists of Neuwrokine-s include birding andfor inhibitory
antibodies, antisense nucleic acids, ribozymes or soluble forms of the
Neuokine-a receptor(s). These would be expected to reverse many of the
activities of the ligand described above as well as find clinical or prectical
application as;

A means of biocking various aspects of imsmmupe responses to foreipn
agents or self.  Examples include autolmmune disorders such as lupos, and
arthritis, as well as immunoresponsiveness lo skin allergies, inflammation,
bowel disease, injury and pathogens. Although our current dala speaks directly
1o the potential role of Nevtrokine-a in B call and mosocyte relaied pathologies,
it remains possible that other cell lypes may gain expression or responsiveness
to Neutrokine-a. ‘Thus, Neutrokine-2 may, like D40 and its ligand, be
repulated by the swars of the immune system and the microeavironment in
which the cell is located.

A therapy for preventipg the B cell proliferation and g secretion
associated with antoimmune disczses such as idiopathic thrombocytopenic
purpura, systemic lupes erythramatosos and MS.

An inhibitor of graft versus host disease or ransplant rejection.

A therapy for B cell malignancies such ag ALL, Hodgkins disease, non-
Hodgkins lymphoma, Chronic Iymphocyte lenkemia, plasmacytomas, multiple
n1yeloma, Burkitt's fymphoma, and EBV-trans{ormed diseases,

A therapy for chromic hypergammaglobulinemeis evident in such
diseases a5 monoclonalgammopathy of undetenmined significance (MGUS),
Waldenstrom's discase, and related idiopathic monoclonalgammepathies,

A means of decreasing the involvement of B celis and Ig associated with
Chronic Myelogenons Lenkemia
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An immunosuppressive agent(s).
An inhibiter of signalling pathways involving ERK I, COX2 and Cyclin
D2 which bave been associated with Neutrokine-2 induced B coll activation.

Isolation of a cDNA showing hamology to the TNF ligand superfmaily

An expressed sequence tag (EST) damabase  of human cDNAs was
servencd for homologs of TNF afpha wiilizing the Neuwrokine-a algorithiom.
Several overlapping ESTs showing homology to TNF and other family
members were identified, and the longest clops (isolated from a peutrophil
library) was picked and the full lenpth sequence detenmined. The desipnated
methionine is Jikely to be the start codeon as there is an upstream in frame stop
codon and oo upstream in frame methionines.

Mammalian Cell trangfections
Cell enlure seagents obwined from Life Technologies.  Human
embryonic kidney cells 293 were maintained in DMEM containing 0% serum

Purification af recombinant kuman Neutrokine-a () polypeptide frapment
Jrom Aln-134 10 Leu-285 of SEQ ID NO:2).

To generate Newtrokine-» recombinant pratein, Neutrokine-a encoding
amino acid residues 112 through 285 of SEQ ID NO:2 was fused 10 a
heterologous signal peptide and subcloned into a baculovirus expression vector,
Recombinamt Newtrokine-a was purified from ID liers of recombinant
baculovirus infected S8 cell supernawanis a1 92 b post-infection. The insect
cells were prown in EXCELAO! medium (JRH Scieptific) with 1% (wv) fetal
bovine serum. The harvested supematant was clasified by centrifugation at
18,000 x g followed by 0.45 pm depth fliration,

The supernatant was lozded onto a set of porose HS-50/HQ-50 in
tandem mode. The HS/HQ flow through material was adjusted to pH 7.5 with
I M Tris-HCI pH 8, diluted with equal velume of 50 mM Tris-HC3 pH 8, and
loaded onto a paros P1-20 colomn, The PI column was washed first with 4
column volumes of 75 mM NaClin 50 mM Tris-HCl a1 pH 7.5, then chuied
using 3 10 5 colums volumes of a stepwise gradient of 300 mM, 750 mM, 1500
mM sodivm chloride in 50 mM Tris-HC1 pH 7.5. Neutrokine-a proicin appears
asa 17 KD band on reduced SDS-PAGE and is present in the 0.3 M 10 1.5M
NaCl fractions.

The PI fraction was further purified through z Sephacryl 5100 HR size
exclusion column equilibrated with 0,15 M NaCL 50 mM NaOAce at pH 6. The
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5200 fractions were mixed with NaCl to a final concentration of 3 M and loaded
onto a Toyopeart Hexyl 650C coluran. The Hexyl column was eluled with a
linear gradient from 3 M10 0.05 M MaCl in 50 mM NaOAc pH6 in 15 column
volumes, Fractions containing purified TL7 as anaiyzed through SDS-PAGE
were combined and dialyzed against 2 buffer containing 150 mM NaCl, 50 mM
NaOAt.

The final purified Neutrokine-a protein hes an N-terminus seguence
bepinning with Ala-134 of SEQ ID NO:2 (AVQGP). This coresponds
identically 1o the sequence of saluble Nautrokine-a derived from CHO cells lines
stably transfected with the full length Neurokine-a gene. RP-HPLC analysis
shows a single peak of greater than 95% purity. Endotoxin kevel was below the
detection Limit in LAL assay.

Northern Blot Analysis

Northern blot analysis was perfornmed wilizing the following
membrages: human muliple (issue Northern blots Tand 11, 2 human cancer cell
Hine blot, and 20 Immune blot of poiy{A) RNA (2 ug, Clonetech). Blots wem
hybridized with random-primed *P-labeled prabes zccording to manafactuser’s
recomnmendations.  As a probe the complete MNeutrokine-a (SEQ ID NO:1)
cDNA was used.

Chromosormal Mapping

To determine the chromosomal location of the Neutrokine-a gene, a
panel of monochromosomal somatic ceif hybrids (obtained from Quantum
Biatechnology) retaining individual chromosomes was screened by PCR using
Neutrokipe-a specific primers.  The following oligonucieotides which span a
233 base pair mpion of the Neuuokine—s coding region were used for PCR
analysis on 100 ng of template DNA: TOGTGTCTTITCTACCAGGTGG (5
primes), TITCITCTGGACCCTGAACGG (3" primer). 35 cydes of PCR
amplification (94°C - 30 secs; 58°C - 45 sers; 72°C - 1 min) were performed on
100 g of each hybrid in a 50 ul reaction. The anticipated 233 bp PCR product
was detected in buman chromosome 13, while no.amplification was observed in
any othes sample. To sublocalize Neutrokine-a oo chromosome 13, a panel of
B3 radiation hybrids (ohtaired frora Research Genetics) was used.  In addition
10 the human genomic DNA, amplicons were observed in hybrids 4, 8, 21, 36,
51, 58, 64, 66 apd 75. Analysis of this data using the Stanford Human
Genome Center RHserver revealed linkage to the SHGC-36171 marker on
chromosome 13. Superposition of this map with the cytogenetic map of beman
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chromosome 13 allowed the assignment of Newtrokine-a to chromosoma} band
1334, Apalysis of the radiation hybrid data was performed vsing the server a1
the Stanford Human Genome Center

It will be clear that the invention may be practiced otherwise than as
particularly described in the foregoing description and examples. Numerous
modifications and variations of the present invention are possible in Jight of the
above teachings and, therefore, are within the scope of the appended clajms,

The entire disclosure of all publications {including patents, patent
applications, journal anicles, laboratory manuals, books, or other documents)
cited hereir are heneby incorporated by reference,

Further, the Sequence Listing submitted herewith, and the Sequence
Listings subminied in copending application Serial Nos. 09/005,874, filed
January 12, 1598, US60/036,100, filed January 14, 1997, and
PCT/US96/17957, filed October 25, 1996, in both computer and paper forms in
each case, are hereby incorporated by reference in their entireties.
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What Is Claimed Is:

i. An isolated nucleic acid molecule comprising a polynucleotide

baving a sucleodde sequence at east 5% identical 1o a sequence selected from

the group consisting of:

{a)  a pwleotide seguence encoding the Neutrokine-a polypeptids
having the complete amino acid sequence ip Figures 1A and 1B (SEQ ID NO:2};

(b} 2 nucleodde sequence encoding the Neuwrokine-a polypepiide
having the complete amino acid sequence encoded by the cDNA clone contained
in the deposit having ATCC accession number 9776%;

()  a pucleotide sequence encoding the MNeuwokine-a polypeptide
exiraceliv]ar domain;

{d)  a nucleotide seguence encoding the Neutrokine-a polypeptide
transmembrane domain;

{e) 2 nucleotide segueace encoding the Neutrokine-s polypeplide
intracellular domain;

H a nucleoude sequence encoding a3 soluble Neuwokine-a
polypeptide comprising the extracellular apd intracellular domains but lacking
the ransmembrane domain; and

{g) 2 nucleotide sequence complementary 1o any of the nucleotids
sequences in (a), (b), {c}, {d}, {c} or {f} above.

2. The nucleic acid molecule of claim | wherein said polynucleotide
has the complele nuclectide sequence in Figures 1A and 1B (SEQ ID NO: 1)

3. The nucleic acid molecule of claim 1 wherein said polynucleotide
has the nucleotide sequence in Figures 1A and IBTSE(Q ID NO:1) encoding the
Neutrokine-o polypeptide having the complete amino acid sequence in Figures
1A and 1B (SEQ IDNO:2). ’

4. The nocleic acid molecule of elaim 1 whersin said polynuclentide
has the nucleotide sequence eacoding a soluble” Neutrokine-s polypeptide
comprising the exmacellular domaie shown in Figures 1A and 1B (SEQ D
NO:2).
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5. An isolated nucleie scid molecule comprising a polynncleotide
having & nucleotide sequence 2l least 95% identical 10 2 sequence selected from
the group consisting of:

(&)  anucleotide sequence encoding a polypepride having the amino
acid sequence consisting of residues 0285 of SEQ ID NO:2, where 1 is an
integer in the range of 2-190

(b)  a nucleotide sequence encoding 2 polypeptide baving the amine
acid sequence consisting of residues I-m of SEQ ID NO:2, where m is ag
integer in the range of 274-284;

{&) 2 nucleotide sequence encoding a polypeplide having the amino
azid sequence consisting of residues n.m of SEQ ID NO:2, where n and m are
imegers as defined respectively in (a) and (b} above; and

(@ 2 nucleotide sequence encoding 2 polypeptice consisting of a
portion of the completle Neutrokine-a amino arid sequence encoded by the
€DNA clons contained in the deposit having ATOC accession number 97768,
wherein said porion excludes from 1 10 150 amino acids from the amino
terminus and from 1 1o 11 amino acids from the Coerminus of said complets
amino acid sequence.,

6. The nucleic acid molecule of claim | wherein said polynucleotide
has the complete mucleotide sequence of the ¢DNA clons contained in the
deposit having ATCC accession nusnber 57768,

7. The nutleic acid mojecufe of claim | whersin said polynucieorids
has the nocleatide sequence encoding the Nequ&ﬁfﬁg polypeptide having the
complete amino acid sequence encoded by the cDNA clone contained in the
deposit having ATCC accession number 97768.

B, The oucleic acid molecule of claim 1 wherein said polyouclestide
bas the nucleodde sequence encoding a solible—Neutrokine-s polypeplide
comprising the extracellular domain encoded by the cDNA clons contained in
the deposit having ATCC accession number 97768.
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8. An isolated nucleic acid melecule comprising & polynucieotide
which hybridizes undzr stringent hybridization conditions to 2 polynucleotide
having a nucleotide sequence identical to a nucleotide sequence in (a}, (b). (¢),
(d} . (e) or () of claim I wherein said polynuclectide which hybridizes does not
hybridize nader stringest’ hybridization conditions to a polyouclentide having 2
nuclzotide sequence consisting of caly A residues or of only T residues,

10.  An isolated nucleic acid molecule comprising 2 polynuclentide
which encodes the amine acid sequence of an epitope-bearing portion of 2
Neumokins-z polypeptide having an amino acid sequence in (a), (b). {c), {d}, (e}
or (£ of claim 1.

11.  Theisolated nutleic acid melecule of claim 10, which encodes an
epitope-bearing portion of a Neutrokine-a polypepiide selected from the group
consisting of: a polypeplide comprising amino acid residues from abour
Phe-115 to about Leu-147 (SEQ ID NO:2); a polypeptide comprising amino
acid residues from azbout Le-150 10 about Tyr-163 {(SEQ ID NO32), a
polypeptide corprising amino asid residuzs from about Ser-171 to abow
Phe-194 (SEQ ID NO:2); 2 polypeplide comprising amino acid residucs from
about Ghe-223 10 about Tyr-247 (SEQ ID NO:2); and a polypepuide comprising
amino acid residees from about Ser-271 10 about Phe-278 (SEQ ID NO:2).

12. A method for making a recombinan! vector comprising inserting
an 1solatcd nucheic acid molecule of claim | into a vector.

r——

13. A recombinant vector produced by the method of claim 12

14. A method of making 2 recombinant host cell comprising
introducing the recombinant vector of dw into 8 host cell.

15. A recombinant host cell produced by the method of claim 14.
.
16, A recombinanmt method for producing a  Neurckine-a
polypeptide, comprising culturing the recombinant host cel! of claim 15 under
conditions such that said polypeptids is cxpressed and recovering said
polypeptide.
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17 Anisalated Neutroking-s polypepide comprising an amino acid
sequence at least 95% identical 10 a sequence selecied from the group consisting
of:

{a}  theamino acid sequeace of the Neulrokine-s polypeptide having
the complete amino acid sequence in Figures 14 and B (SEQIDNO:2y,

(b the amino acid Sequence of the Neutrokine—a polypeptids having
the complele amino acid sequence cncoded by the cDNA clone contained in the
deposit having ATCC accession number 97768;

{) the amino acid sequence of the Neuuokine-a polypeptide
extracebiuiar domain;

{d)  the’ amino acid scquence of the Neumokine-a polypeplide
ransmembrane domain;

{e}  the amino arid sequence of the Neutrokine-a polypeptide
intracellntar domain;

(D the amino acid sequance of a soluble Newtrokine-a polypeptide
comprising the domain; and

{(g)  the ammino acid sequence of an epitope-bearing portion of any one
of the polypeptides of (), (b). (c), {d), (&) or ().

18, An isoiated polypeptide of cdlaim 7 comgprising  an
epitope-bearing portion of the Neutrokine-a protein, wherein said pontion is
sefected from the group consisting of: a polypeptide comprising nmino acid
residues frowm zbout Phe-115 to about Len-147 (SEQ TD NO:2); a polypeptide
comprising amino acid residues from about e-150 10 about Tyr-163 (SEQ D
NO:2}; a polypeptide comprising amino acid residues from abowt Ser-171 1o
about Phe-194 (SEQ ID NO:2); a polypeptide comprising amine acid residues
from show Glu-223 10 about Tyr-247 (SEQ 1D NO:2): a polypeptide
comprising aming acid residues from about S=r-271 1o abowt Phe-278 (SEQ DD
NO:2).

19.  An isolated anmibody that binds specifically to a Neutrokins-s
polypeptide of claim 17.

20. A pharmaceutical composition comprising a polypeptide of claim
17 and a pharmaceutically accepiable cartier,
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. 21.  An isolated polynucleotide encoding a modified Neurokine-a
protein, wherein, except for at Jeast ene conservative amino acid substiuton,
said modified peptide has an aming acid sequence that is identical to a member
selected from the group consisting of:
] {a} amino arids 1 to 285 of SEQ ID NO:2; e
() amino acids 2 10 285 of SEQ ID RG:2;
{¢:) amino acids § 10 46 of SEQ ID NG:2;
{c) amino acids 47 to 72 of SEQ ID NOG:2; and
{c) amino acids 73 to 286 of SEQ ID NO:Z.

22, Amodified Neutrokine-a polypeptide molscule, wherein, except
for al least one conservatlve amine acid substitation, said modified peptide has
an amino acid scquence shat is ideatical to a member sefected from the group
. consisting of:

s (a) amino acids I to 285 of SEQ ID NC:2;

() amino acids 2 1o 285 of SEQ ID NO:2;

(c) amino acids 1 1o 46 of SEQ ID NO:Z,

{c) amino acids 47 10 72 of SEQ 1D NO:2; and
{¢) amino acids 73 to 286 of SEQ TDNG:2.

—

20
; 23.  An isolated nucleic acid molecule comprising 2 polynucicotide
having a sequence at least 95% identicai 1o & sequence selected selected from the
group consisting of:
{a) the nucleotids sequence of SEQ ID NOT;
5 (t)  the nucleatide seqquence of SEQ ID NO:&;
{e)  the nucleotids sequence of SEQ ID NO:S:
(d)  the nucleotide sequence of a portion of the sequence shown in
Figures 1A and 1B (SEQ ID NO:I) wherein said portion comprises at least 30
contiguows nucleotides from mucleotids 1 1o sucleolids 2442, excluding the
3 sequence from nucleotide 1387 to 142}, the sequence from muclcotide 9 1o 382,
the sequence from nucleotide 1674 1o 1996, the sequence from pucleotide 1401
1o 1784, the sequeace from nucleotide 900 10 1237, and any fragments Jocated
within these sequences; and
(&)  a nucleotide sequence complementary 1o any of the nucleotds
15 sequences in (), (b), (c) or (d) above.

24, An isolated oucleic acid molecule comprising 2 polynucleotide
having a pucleotide sequence at least 93% identical to a sequence selected from

1he proup consisting of:
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(2} anucleolide sequence encoding the Neutrokine-SV polypeptide
having \he complste amino acid sequence in Figures 3A and SB (SEQ M
NO9y,

(b}  anucleotide sequence enceding the Newrokine-2SV polypepride
having the complete amino acid sequence encodzd by the cDNA clone contained
in the deposit havisg ATCC accession namber 203518;

(€)  amcleotide sequence encoding the Newtrokine-aSV polypepuide
exeracelivlar domain;

{d)  anucleotide sequence encoding the Nentrokine-sSV polypeptide
ransmembrane domain;

{e}  anucleotide sequence encoding the Neutrokine-aSV polypepiide
inraceliular domain;

{fy a nucleotide sequence encoding a soluble Neutrokine-aSV
polypeptide comprising the exuacellular ang intracellnfar domaing but lacking
e vansmembrane domain; and

{e) a oucleolide sequence complementary to any of the nuclectide
sequences in {a}, {b), (¢}, (d), {e) or {f} above.
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Abstract

The present invention relates 10 a novel Nearokine-a, and a splice variant
thereof designated Neutrokine-aSV, polynucleotides and polypeptides which are
members of the TNF family. In particular, isolaed nucleic acid molecules are
proviled eweeding  the hwman  Neuwokine-a aadlor Neutrokine-aSV
polypeptides, inchuding soluble forms of the extraceliular domain. Neutrokine-s
and/or Neutrokine-aSV polypeptides are also provided as are vectors, host cells
and recombinant methods for producing the same. The invention further relates
to screening methods for ideotifying agonists and antagenists of Neutrokine-a
and/or Neugokine-sSV astivity. Also provided are diagnostic methods for
detecting immune system-related disorders and therapeutic metbods for treating
immune system-related disorders.
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FIGURE 4 A
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Figure 3.
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Figure 9
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Figure 12B

Normal BALB/c

Neutrokine-alpha
treated BALB/c
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